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EXECUTIVE SUMMARY 

In recent years, Total Quality Management has swept across the country. Many companies and the Government 
have started looking at every aspect on how business is done and how money is spent. The idea or goal is to provide 
a service that is better, faster and cheaper. 

The first step in this process is to document or measure the process or operation as it stands now. For Lewis 
Research Center, this report is the first step in the analysis of heating plant operations. This report establishes the 
original benchmark that can be referred to in the future. The report also provides a comparison to other 
organization’s heating plants to help in the brainstorming of new ideas. 

The next step is to propose and implement changes that would meet the goals as mentioned above. After the 
changes have been implemented the measuring process starts over again. This provides for a continuous improve- 
ment process. 
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RESULTS OF BENCHMARKING SURVEY OF CENTRAL HEATING OPERATIONS 
AT NASA CENTERS AND VARIOUS CORPORATIONS 


L INTRODUCTION 

In June, 1994, a survey was sent to a number of organizations concerning their heating plant operations. This 
document reports the results of that survey. 

The following is a synopsis of the cover letter that was sent with the survey: 

Approximately one year ago you participated in a NASA-wide Facilities Maintenance 
Benchmarking initiative. The information you provided us in conjunction with that from 
other companies and NASA Centers has been extremely useful in helping us analyze how we 
conduct our business. 

Lewis Research Center is now ready to take this benchmarking initiative to another level. We 
would like to solicit your participation one more time. This time it is a much more focused 
benchmarking activity dealing only with Steam Plant operations and maintenance. Enclosed 
is a survey intended to solicit information regarding your maintenance processes, metrics, 
safety procedures, documentation, and other initiatives concerning the operations and 
maintenance of your Steam Plant. This information will be invaluable in assessing our 
current performance in this area. 

Once again, this survey is being sent to all the original participating companies and NASA 
installations who have indicated to have this capability. Our plan is essentially the same as 
before, that is, to analyze the data and provide you with the results. 


H. PREFACE 

In no way was the survey in-depth enough to detail every aspect of each organization’s boiler system, but it 
provided enough information to compare and analyze as well as generate questions. In order to ensure 
confidentiality of the non-government participants, reference to company names have been deleted from the 
data. 

H. OBJECTIVE 

The objective of this survey was to establish a baseline of information and statistics. This information may be 
used to improve the performance of each heating plant by increasing reliability and reducing costs. 


IV. ORGANIZATIONS SURVEYED AND COMMENT 

The following is a list of organizations surveyed, of which nine responded with data that was analyzed in this 
report. 

NASA ORGANIZATIONS 

NASA Headquarters, Washington D.C. 

Comment: For information only 

Ames Research Center, Moffett Field, Ca 
Comment: No response 
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Goddard Space Flight Center, Greenbelt, MD 
Comment: No response 

Lyndon B. Johnson Space Flight Center, Houston, TX 
Comment: Survey completed 

John F. Kennedy Space Center, Florida 

Comment: Two surveys completed, but with limited information due to different type of heating 
systems. 

Lewis Research Center, Cleveland, OH 
Comment: Survey completed 

Langley Research Center, Hampton, VA 
Comment: Survey completed 

George C. Marshall Space Flight Center, Huntsville, AL 
Comment: Survey completed 

John C. Stennis Space Center, Mississippi 

Comment: Does not have a central heating plant 

Wallops Flight Facility, Wallops Island, VA 
Comment: Survey completed 

NASA Industrial Plant, Downey, CA 
Comment: No response 

Dryden Flight Research Facility , Edwards, CA 
Comment: Survey completed 

INDUSTRY ORGANIZATIONS 

E. I. DuPont De Nemours and Company, Inc., Wilmington, DE 
Comment: Survey Completed 

3M Corporation in Minneapolis, St. Paul, MN 
Comment: Survey Completed 

General Motors Truck and Bus Group, Inc., Baltimore, MD 
Comment: Survey Completed 

SURVEYS NOT RETURNED 

Westinghouse Electronic Systems Group 
Cleveland Energy Resources 
Kent State University 
Cleveland Clinic Foundation 
Texas Instruments Defense 
Hewlett Packard Corporation 
AT&T Network System Group 
Federal Express Corporation 
Kings Dominion 
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V. CONCLUDING STATEMENT 


Lewis Research Center would like to thank all the participants in the survey. Each participant can draw then- 
own overall conclusions of the information in this report. All of the facilities are different in one way or another, 
so interpretation of the information and data was done as accurately as possible. Observations, questions or 
comments about this report would be appreciated. 

The following section, VI. Survey Data and Identification, list the data that was collected from the surveys. The 
next section, VII. Key Benchmarks, displays some of the data in graphical form. The highlights of each 
organization and their respective survey responses are shown in Section VIII, Organization Highlights, and 
Appendix, Completed Surveys. 


VI. SURVEY DATA AND IDENTIFICATION 

This section of the report shows the extracted data from the nine surveys mentioned in the previous section. See 
data sheets on the following pages. Below is brief description of each item in spreadsheet. 

Organization - Organization surveyed 

Acronym - Shortened name 

1. SQ.FT. - The total area of floor space that is heated by steam production from heating plant. 

2. DESIGN TEMPS, HIGH/LOW - Design temperatures of where organization is located. 

3. YEARLY LOAD - Total steam production from heating boilers in MLBS (1000 LBS) for a given year. 

4. MAX LOAD - The highest production of steam at any one time (rate) for a given year in LBS/hour. 

5. PLANT CAPACITY - The theoretically highest steam production (rate) for the heating plant in LB S/hour. 

7. ELECTRIC RATES - What the Electric Utility charges for the use of electricity that usually includes an 
energy charge in S/KWH and a demand charge in $/KW. Demand charge is related to the total demand of the 
facility. 

8. NATURAL GAS RATES - The cost of natural gas in S/SMCF (Standard 1000 Cubic Foot) 

9. FUEL OIL RATES - The cost of Fuel Oil in S/gallon (In some cased may be #2 or #4 fuel oil). 

10. WATER RATES - The cost of water in $/1000gallons 

11. FUEL COST - The total fuel used in the boilers in the heating plant in Dollars for a given year. 

12. FUEL COST/SQJFT. - Column 1 1 divided by column 1. The fuel cost to heat a sq.ft of floor space in 
S/sq.ft, for a given year. 

12a. FUEL COST/1000# - Column 1 1 divide by column 3. The average fuel cost for each 1 000 LBS of steam 
produced for a given year. 

13. CHEMICAL COST - The cost of the chemicals that was used for water treatment in the heating plant for 
a given year. 
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14. MAINTENANCE COST - The cost of maintenance for the heating plant including parts and labor for a 
given year. 

15. PERSONNEL COST - The cost of employing or contracting operating personnel for the heating plant for 
a given year. 

16. TOTAL COSTS - Adding columns 11, 14 and 16. The total costs include fuel, chemical and personnel 
costs for a given year. 

17. TOTAL COST/SQ.FT. - Column 16 divided by column 1. The total cost to heat a sq.ft, of floor space 
in $/sq.ft. for a given year. 

18. UNIT COST -Column 16 divide by column 3. The average fuel cost for each 1000 LBS of steam produced 
for a given year. 

19. % CONDENSATE RETURN - The average percent of steam condensate that is returned to the heating 
plant for reprocessing. 

20. MAX LOAD/SQ.FT. - Column 4 divided by column 1 . The highest production of steam at one time (rate) 
for a given year for each sq.ft, of floor space being heated in LBS per hour/Sq.Ft. 

21. PLANT CAP ./SQ.FT. - Column 5 divided by column 1 . The theoretically highest steam production (rate) 
of the heating plant for each sq.ft, of floor space being heated in LBS per hour/Sq.Ft. 
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HEATING PLANT BENCHMARKING SURVEY DATA 


Organization 

Acronym 

1 

2 

3 

4 

5 


square foot 

design 

temperatures 

high 

design 

temperatures 

low 

yearly 
load 
m lbs 

max 

load 

Ibs/hr 

plant 

capacity 

Ibs/hr 

1 

Johnson SFC 

JSC 

2900 000 

96 

27 

186000 

60000 

165 000 

2 

Lewis RC 

LcRC 

1 192 00 

95 

1 

302592 

90000 

199 000 

3 

Langley RC 

LaRC 

3 431 000 

93 

10 

482633 

34 000 

390 000 

4 

Marshall SFC 

MSFC 

425 690 

95 

11 

62 173 

16099 

57 805 

5 

WallpsFF 

WFF 

380 000 

93 

10 

106 949 

21220 

65 000 

6 

Dryden FRF 

OFRF 

282 511 

91 

38 

22 243 

18 364 

20405 

7 

Company A 

A 

2400 000 

92 

10 

678 000 

250 000 

320 000 

8 

Company B 

B 

7 500 000 

92 

-16 

1 360 000 

356 000 

560 000 

9 

Company C 

C 

3 000 000 

92 

14 

425 000 

146000 

280 000 



Organization 

Acronym 

11 

12 

12a 

13 

14 

15 



fuel cost 
$ 

fuel cost/ 
square foot 

fuel cost / 
1000# 

chemical 

cost 

maint. 

cost 

personnel 

cost 

1 Johnson SFC 

JSC 

900 228 

0.31 

4.84 

6 800 

15 4000 

219 000 

2 Lewis RC 

LeRC 

1 334 304 

1.12 

4.41 

38 375 

98 080 

426 628 

3 Langley RC 

4 Marshall SFC 

LaRC 

MSFC 

486 179 
326 398 

0.65 

0.77 

4.60 

5.25 

67 000 

390 800 

208 000 
65 000 

5 WallpsFF 

WFF 

461 980 

1.22 

4.32 

4 000 

327557 

268 032 

6 Dryden FRF 

OFRF 

228 993 

0.81 

10.30 

8 500 

75 000 

0 

7 Company A 

A 

2 368 000 

0.99 

3.49 

24200 

155 000 

850 000 

8 Company B 

B 

3 771 230 

0.50 

2.77 

175 000 

500000 

1400 000 

9 Company C 

C 

2 388 050 

0.80 

5.62 

140 000 

0 

1 041 856 
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vn. KEY BENCHMARKS 


This section presents key benchmarks that are common with all the organizations. 

The following pages of this section display graphs and data tables that more easily compare the survey data. 
Below is a list of the Benchmarks. 


Benchmark #1 
Benchmark #2 
Benchmark #3 
Benchmark #4 
Benchmark #5 
Benchmark #6 
Benchmark #7 
Benchmark #8 
Benchmark #9 
Benchmark #10 
Benchmark #1 1 
Benchmark #12 


DESIGN TEMPERATURES 
MAXIMUM LOAD - PLANT CAPACITY 
UTILITY COSTS - WATER 
UTILITY COSTS - NATURAL GAS 
UTILITY COSTS - FUEL OIL 
UTILITY COSTS - ELECTRIC RATES 
COSTS 

FUEL COST / 1000 LBS STEAM 
STEAM UNIT COST 

YEARLY TOTAL COST / SQ. FT. (AREA HEATED) 
YEARLY FUEL COST / SQ. FT. (AREA HEATED) 

% CONDENSATE RETURN 


Other notes to consider when reviewing data: 

1. Most facilities use some steam for other uses besides space heating. 

2. Langley Research Center is supplied with a base load of steam from the City of Hampton. 
This cost and steam production is included in some overall cost and steam data. 
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Benchmark 1 — Design Temperatures 



BENCHMARK 1 .—This graph indicates the severity of winter temperatures for each 
organization. Note the Northern climates vs. the Southern climates. 


BENCHMARK 1 DATA 


Organization 

Location 

Design temperatures, F 

Summer 

Winter 

Johnson SFC 

Houston, TX 

96 

27 

Lewis RC 

Cleveland, OH 

95 

1 

Langley RC 

Hampton, VA 

93 

10 

Marshall SFC 

Huntsville, AL 

95 

11 

WallpsFF 

Wallops, Is, VA 

93 

10 

Diyden FRF 

Edwards, CA 

91 

38 

Company A 


92 

10 

Company B 


92 

-16 

Company C 


92 

14 
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Benchmark 2— Maximum Load-Plant Capacity 

600x103 



BENCHMARK 2. — This graph compares the maximum steam production rate that has 
occurred vs. steam production that the heating plant can theoretically produce. [The 
graph indicates the larger facilities and/or coldest climates.] The graph also shows 
backup steam capabilities. 


BENCHMARK 2 DATA 


Organization 

Design temperatures, F 

Maximum load 

Plant capacity 

Johnson SFC 

60 000 

165 000 

Lewis RC 

90 000 

199 000 

Langley RC 

34 000 

390 000 

Marshall SFC 

16 099 

57 805 

WallpsFF 

21220 

65 000 

Dryden FRF 

18 364 

20405 

Company A 

250 000 

320 000 

Company B 

356 000 

560 000 

Company C 

146 000 | 

280 000 


9 



Benchmark 3— Utility Costs-Water 



BENCHMARK 3.— This graph shows how much each organization pays for water. The cost 
for water for two of the organizations is way above average. 


BENCHMARK 3 DATA 


Organization 

Utility cost — Water 
S/1000 gallons 

Johnson SFC 

0.50 

Lewis RC 

1.13 

Langley RC 

1.43 

Marshall SFC 

7.40 

WallpsFF 

1.60 

Dryden FRF 

1.61 

Company A 

10.80 

Company B 

1.50 

Company C 

N/A 
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Dollars/SMCF (standard 1000/ft3) natural gas 


Benchmark 4— Utility Costs-Natural Gas 



Organization 


BENCHMARK 4. — This graph shows how much each organization pays for natural gas. 
One organization pays almost double the average while one organization that uses a 
large amount has a lower than average rate. 


BENCHMARK 4 DATA 


Organization 

Utility cost — Natural gas 
S/SMCF (STD. 1000 cu. ft) 

Johnson SFC 

2.94 

Lewis RC 

3.68 

Langley RC 

3.53 

Marshall SFC 

N/A 

Wallps FF 

N/A 

Diyden FRF 

6.37 

Company A 

N/A 

Company B 

2.49 

Company C 

3.95 
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Dollars/gal of fuel oil 



Organization 

BENCHMARK 5. — This graph shows how much each organization pays for fuel oil. The 
same organization that has a low rate for natural gas has very low rate for fuel oil. 


BENCHMARK 5 DATA 


Organization 

Utility cost — Fuel oil 
$/gallon 

Johnson SFC 

0.60 

Lewis RC 

0.63 

Langley RC 

0.47 

Marshall SFC 

0.53 

WallpsFF 

0.58 

Dryden FRF 

N/A 

Company A 

0.37 

Company B 

0.32 

Company C 

0.63 
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Benchmark 6 — Utility Costs-Electric Rates 



Organization 

BENCHMARK 6.— This graph shows how much each organization pays for electricity. One 
NASA center has a very good rate. 


BENCHMARK 6 DATA 


Organization 

Utility cost — Electric rates 
$/KWH 

Johnson SFC 

0.045 

Lewis RC 

0.056 

Langley RC 

0.023 

Marshall SFC 

0.051 

WallpsFF 

0.032 

Dryden FRF 

0.063 

Company A 

0.049 

Company B 

0.035 

Company C 

0.031 
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Dollars, millions 



i i i i i i i 1 r 

JSC LeRC LaRC MSFC WFF DFRF ABC 


Organization 

BENCHMARK 7. — This graph breaks down some of the different costs associated with the 
heating plant Note the fuel cost dwarfs the other costs, especially in the larger facilities. 


BENCHMARK 7 DATA 


Organization 

Costs 


Chemical 

Maintenance 

Personnel 

Fuel 

Total 

Johnson SFC 

6 800 

15 400 


1 141 428 

Lewis RC 

38 375 

98 000 

426 628 

1 334 304 

1 897 307 

Langley RC 

67 000 

390 800 

208 000 

486 179 

1 151 979 

Marshall SFC 

N/A 

N/A 

65 000 

■SS3K3I31 

Wallps FF 

4000 

327 557 

269 032 

461 980 


Dryden FRF 

8 500 

75 000 

N/A 

228 993 

312 493 

Company A 

24 200 

155 000 


Company B 

175 000 

500 000 

1400000 

3 771 230 

5 846 230 

Company C 

140 000 

N/A 

1 041 856 

2 388 050 

3 569 906 
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Benchmark 8— Fuel Cost/1000 lbs Steam 



BENCHMARK 8.— This graph shows the fuel cost to produce a 1000 lbs of steam based 
on a given years steam production. This graph will vary due to the cost of the fuel and 
boiler efficiency. 


BENCHMARK 8 DATA 


Organization 

Yearly 
fuel costs 
$ 

Yearly 
steam load 
1000 lbs 

Yearly average 
fuel cost/1 000 lbs 

Johnson SFC 

900228 

186000 

4.84 

Lewis RC 

1334 304 

302592 

4.41 

Langley RC 

486 179 

482633 

4.60 

Marshall SFC 

326 398 

62173 

5.25 

WallpsFF 

461 980 

106 949 

4.32 

Dryden FRF 

228 993 

22 243 

10.30 

Company A 

2368 000 

678 000 

3.49 

Company B 

3 771 230 

1360 000 

2.77 

Company C 

2388 050 

425000| 

5.62 


15 
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Benchmark 9— Steam Unit Cost 



BENCHMARK 9.— This graph indicates a more complete total cost for steam than bench- 
mark #8 because it includes personnel and chemical costs. Note that maintenance costs 
were not included due to inconsistencies in data. 


BENCHMARK 9 DATA 


Organization 

Total 

Yearly 

Yearly average 


costs 

steam load 

steam unit cost 


S 

1000 lbs 

total cost/ 1000 lbs 

Johnson SFC 

1 126028 

186000 

6.05 

Lewis RC 

1799 307 

302 592 

5.95 

Langley RC 

3 261 179 

482 633 

6.76 

Marshall SFC 

391 398 

62173 

6.30 

WallpsFF 

735 012 

106 949 

6.87 

Dry den FRF 

237 493 

22 243 

10.68 

Company A 

3 242200 

678 000 

4.78 

Company B 

5 346230 

I 360 000 

3.93 



425 000 

8.40 
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BENCHMARK 10.— This graph indicates the average total cost to heat a square foot of 
floor space. This graph can have many variables due to the conditions of the areas 
to be heated. Generally, colder climates should require higher costs. 


BENCHMARK 10 DATA 


Organization 

Total 

costs 

$ 

Area 
heated 
square feet 

Total cost to 
heat an average 
square foot 

Johnson SFC 

1 126028 

2 900 000 

0.39 

Lewis RC 

1 799 307 

1 192 000 

1.51 

Langley RC 



0.95 

Marshall SFC 

391 398 

425 000 

0.92 

WallpsFF 

735 012 

380 000 

1.93 

Dryden FRF 

237 493 

282 511 

0.84 

Company A 

3 242 200 

240000 

1.35 

Company B 

5 346 230 

7 500 000 

0.71 

Company C 

3 569 906 

3000 000 

1.19 
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BENCHMARK 1 1 .—This graph is similar to Benchmark #1 0, but only considers the cost 
of fuel. 


BENCHMARK II DATA 


Organization 

Fuel 

costs 

$ 

Area 
heated 
square feet 

Total cost to 
heat an average 
square foot 

Johnson SFC 

900000 

2 900000 

0.31 

Lewis RC 

1 334 304 

1 192 000 

1.12 

Langley RC 

486 179 

3 431000 

0.65 

Marshall SFC 

326 398 

425 000 

0.77 

Wallps FF 

461 980 

380 000 

1.22 

Dryden FRF 

228 993 

282 511 

0.81 

Company A 

2 368 000 

2 400 00 

0.99 

Company B 

3 771 230 

7 500 000 

0.50 

Company C 

2 388 050 

3 000000 

0.80 
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Benchmark 12 — % Condensate Return 



BENCHMARK 12.—This graph indicates the percentage of steam condensate that is 
returned to the boilers after the steam is distributed to system. 


BENCHMARK 12 DATA 


Organization 

Condensate return 
percent 

Johnson SFC 

85 

Lewis RC 

70 

Langley RC 

85 

Marshall SFC 

40 

WallpsFF 

92 

Dryden FRF 

100 

Company A | 

50 

Company B 

90 

Company C 

85 
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MIL ORGANIZATION HIGHLIGHTS 


JOHNSON SPACE FLIGHT CENTER HIGHLIGHTS 

• 50 BUILDINGS 2.9 MIL. SQ. FT. 

• NEWER 420# BOILERS AVE. AGE 15 YEARS 

• 85% CONDENSATE RETURN 

• LOW COST PER SQ FT (WARM CLIMATE) 

• 3 PERSONNEL/SHIFT 

• ENERGY CONSERVATION ANALYSIS PERFORMED 

LEWIS RESEARCH CENTER HIGHLIGHTS 

• REFURBISHED OLDER BOILERS, NEWER LARGER BOILER AVE. AGE 45 YEARS 

• 51 BUILDINGS 1.2 MIL SQ. FT. 

• 70 PERCENT CONDENSATE RETURN 

• COSTS ARE AVERAGE 

• PM PROGRAM UNDERWAY 

• 3 PERSONNEL/SHIFT 

LANGLEY RESEARCH CENTER HIGHLIGHTS 

• 70 BUILDINGS, 3.4 MIL SQFT 

• LARGE BOILERS, LARGE CAPACITY 

• 350 PSI BOILDERS AVE. AGE 20 YEARS 

• 85 PERCENT CONDENSATE RETURN 

• STEAM EJECTORS USE UP TO 96 000 LBS/HR — 20-30 PERCENT OF TOTAL YEARLY LOAD 

• 3 PERSONNEL 1ST SHIFT 

• TWO STUDIES RECENTLY COMPLETED 

• BASE STEAM SUPPLY FROM CITY OF HAMPTON AVE. SUPPLY 43 000 LBS/HOUR YEARLY 
COST — 2.5 MILLION 
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MARSHALL SPACE FLIGHT CENTER HIGHLIGHTS 


• 33 BUILDINGS 425K SQ. FT. 

• 3 SMALL BOILER PLANTS WITH 3 BOILERS EACH 

• 100# BOILERS AVE. AGE 28 YEARS 

• #2 FUEL OIL USED 

• GENERALLY OUT OF SERVICE IN SUMMER 

• 35 PERCENT CONDENSATE RETURN SHOULD INCREASE SOON 

• COMBUSTION TESTS PERFORMED REGULARLY 

• 1 OPERATOR PER SHIFT 

• COSTS ARE AVERAGE 


WALLOPS FLIGHT FACILITY HIGHLIGHTS 

• 100# BOILERS AVE. AGE 9 YEARS 

• 27 BUILDINGS 380KSQ FT 

• #2 AND #6 FUEL OIL USED 

• 92% CONDENSATE RETURN 

• PLANT SHUTDOWN IN SUMMER 

• 3 PERSONNEL/SHIFT 

• AVERAGE COSTS 

• 2 EXTENISVE STUDIES 1994 


DRYDEN FLIGHT RESEARCH FACILITY 


• 2 BUILDINGS 282KSQ FT 

• 15# BOILERS AVE. AGE 27 YEARS 

• 100% CONDENSATE RETURN 

• NATURAL GAS COSTS ARE ALMOST DOUBLE AVERAGE 

• WATCH ENGINEER FOR TOTAL FACILITY 
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COMPANY A HIGHLIGHTS 


• 32 BUILDINGS 2.4 MIL. SQ FT 

• 150# BOILERS AVE. AGE 40 YEARS 

• 50 PERCENT CONDENSATE RETURN 

• UPDATING CONTROLS FROM PNEUMATIC TO ELECTRONIC 

• 3 OPERATORS PER 12 HOUR SHIFT 

• #6 FUEL OIL 


COMPANY B HIGHLIGHTS 


• 27 BUILDINGS 7.5 MIL. SQ FT 

• VERY LARGE FACILITY 

• BOILERS AVE. AGE 28 YEARS 

• 90 PERCENT CONDENSATE RETURN 

• NATURAL GAS/FUEL OIL 

• 4 TO 7 PERSONNEL/ 1 ST SHIFT 4/2ND, 3RD SHIFT 

• 6 STEAM DRIVEN CHILLERS 

• VERY LOW COSTS 


COMPANY C HIGHLIGHTS 


• 3.0 MIL SQ FT 

• 5 150 PSI BOILERS 

• 2 SMALL SOLID WASTE BOILERS 

• AVE. AGE 35 YEARS 

• 60 PERCENT CONDENSATE RETURN 

• 10 PERSONNEL/1 ST SHIFT 4/2ND, 3RD SHIFT 

• AVERAGE COSTS 
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APPENDIX COMPLETED SURVEYS 


The surveys in this section are arranged in the following order: 

• JOHNSON SPACE FLIGHT CENTER 

• LEWIS RESEARCH CENTER 

• LANGLEY RESEARCH CENTER 

• MARSHALL SPACE FLIGHT CENTER 

• WALLOPS FLIGHT FACILITY 

• DRYDEN FLIGHT RESEARCH FACILITY 

• COMPANY A 

• COMPANY B 

• COMPANY C 
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SURVEY OF CENTRAL HEATING PLANT OPERATIONS 


Company Name 

Division 

Address 

Contact 

Telephone 


Conducted by: 


NASA 

Lewis Research Center 
Cleveland, Ohio 


Survey Completed by: 


NASA-Johnson Space Center 

JJ/Plant Engineering Division of Center Operations 

2101 NASA Road 1 

Houston. Texas 77058-3696 

Harry W. Hart 

(7131 483-3129 
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Survey 

of Central Heating Plant Operations 


I. General Information 

1. Provide brief description of Heating Plant (Type of boilers, number 
of boilers, general setup of heating plant, etc.). 

Three operational water tube boilers with superheater capability. All h ollars 
supply steam to a common header. Plant has three pressure reducing, 
de-superheating stations to lower header pressure to 100 psi g with ?.0°F 
superheater from 400 psig. 


2. Provide numerical information about Boilers at Heating Plant: 


Boiler # 

3 

4 

2 

1 

5 

HP 


60,000 lbs/h: 


Out 

Out 

Operating 

Pressure 

420 psig 

420 psig 

420 psig 

of 

Service 

of 

Service 

KBIUB 






MFG. 

Murray 

Zurn 

Zurn 



Install 

Date 

1963 

1987 

1990 



Fuel(s) 






iHmyli 



60,000 lbs/ 

ir 









3. Provide brief description of distribution system (how many buildings 
or areas supplied, uses, piping arrangements, etc.) 

Entire central mall, approximately 50 buildings, is supplied stpam thr ough 
a utility tunnel. Pressure reducing station at central plant lowers 
steam pressure from 400 psig to 100 psig. F.arh huil ding has its own 
steam pressure reducing station to reduce steam pressure to 15 psig. 
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4. Provide description of the chemical treatment system (boiler 
blowdown, chemicals used, injection system, softeners, etc.) 

A water softener - Zeolite system. 

A de-alkalizer system. 

Sodium phosphate and sodium sulfite. 

Amines - neutralizing & filming. 

Caustic soda. 

Salt, 

Boiler blowdown at 2.500 mhos conductivity. 


5. Provide description of condensate return system to the boilers (X 
return, economizer used, feedwater pumps, deairator tank) 

Enerfin enconomizer rated at 3,843,800 BTU/hr 

Economizer - Feedwater heater boiler 24-2. 4. 

Approximately 85% condensate return from site. 

Condensate return units in mall buildings with piping in tunnel for 

condensate return. 

Multistage boiler feedwater pumps. 


.6. Provide description of boiler and/or burner controls (flame safe- 
guard, diagnostic capabilities, heating plant controls, energy monitor- 
ing, energy management system, etc.) 

Microprocessor controls on boiler 24-2, 4 pneumatic controls on boiler 24-3 . 
Microprocessor controls have oxygen trim control to save energy, 

Fireye microprocessor EP160 burner management with message and 

self diagnostics. 
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II. Loads and Costs Analysis 

1. Heat Loads for Heating Plant 

A. What is the average yearly load ? 21,233 ibs/hr-19 93 

B. What is the average summer load ? 12,000-15,000 l bs/hr 

C. What is the average winter load ? 28,000 lbs/hr 

D. What is the maximum winter load ? 60,000 lbs/hr 


What is the yearly utility use ? 


Fuels: 


use 80-85% of gas @ plant boilers. 

Natural gas 306 » 200 M.Cu.FT.dOOO Cubic foot)@80 psig 


Fuel Oil 
Electric 


Gallons 232 gallons/hr @ 25,000 lbs/hr 


Heating Plant auxiliary or support utilities: 

Natural gas N / A M.Cu.FT.dOOO Cubic foot)@_ psig 

Fuel Oil n/a Gallons 

Electric 30 KWH 75-200 hpboiler feedwater pump est. 

40 hp year average. 

3. What are the utility unit prices ? 

Natural. Gas 2.94 $/M.Cu.FT. @80_psig 

Electric 1. Energy Charge -QA5 S/KWH 

2. Demand Charge 9.80 $/KW 

Water -oops S/gal 1 on 

Fuel Oil . « 60 S/gallon 


* Operate only a few hours prior to each mission, some training, and 
plant gas outages. Yearly consumption of diesel is very minimal. 
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4. What is the yearly costs for the following: 

Chemical Costs (Total) 6,800 $/yr $ 

Individual chemical costs Sait - 1150 $/yr 


Sodium phosphate - 150 $/yr 

Sodium sulfite - 250 $/yr 

Filming/Neutralizing amines - 4050 $/yr 
Caustic soda - 1200 $/yr 

Maintenance Costs 15,400.00 $/yr 4400.00/yr each boiler 

Breakdown labor 13,200.00 $/vr + 12.00.00 Hartford inspector 

material 1,000.00 Relief valve certification, etc. 

Operation Personnel 219,000 $/yr 

Breakdown chief - halftime plus 

boiler/chiller operator - half time 

8760 hrs. x 25.00/hour, includes benefits. 

Major Repairs Varies $ 

Breakdown 3 years ago retnbed hoi 1 er 

24-3. cost about $120.000. 


Other costs 

12,000 

_ $ 


Description _ 

Boiler feedwater 

pump @ 


30 hp @ 24 hours @ 365 days. 


Overall Costs 




Total Costs 

253,200 

S, year 1993- estimated 



$;• year 1992 




$, year 1991 


Steam Generated 

186,000,000 

lbs. or BTU, year 
year 

1993 

1992 



___ year 

1991 

Unit Cost 

* 1.36 

S/1,000 lbs. .year 

1993 



year 

1992 



year 

1991 

; not include the 





cost of natural gas 
to operate the boiler. 
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Operations 


1. Indicate in the following table the documentation that is used 
at the Heating Plant: 


DOCUMENT 


AVAILABLE 


YES NO 


DRAWINGS - SCHEMATICS 


MECHANICAL 


ELECTRICAL 


BOILERS 

SYSTEMS 

BOILER ELEMENTARY 
BUILDING 


ISOMETRICS 


GENERAL BUILDING 


BOILER START-UP PROCEDURE 


PROCEDURE FOR STEAM DRUM ENTRY 


EMERGENCY CALL PROCEDURE 


HEATING PLANT EVACUATION PROCEDURE 


BOILER SAFETY OPERATION CHECKOUT PRO- 
CEDURE 


PROCEDURE FOR HANDLING CHEMICALS 


LIST OF CHEMICALS WITH MSDS 


CONFINED SPACE ENTRY PROCEDURE 


BOILER MAINTENANCE PROCEDURES 


EQUIPMENT MAINTENANCE PROCEDURES 



COMMENTS 




Control Logic for boiler 
controls. 


Boiler vendor info. 




Microprocessor fireye 
checks safeties. 



Check the oxygen levels. 
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2. Provide information concerning the Heating Plant personnel. 

a. Are personnel on duty at the Heating Plant 
24 hours a day? yps 

365 days a year? yrs 

other 


b. Breakdown the personnel that are on duty at specific 
. times . 

1st Shift # of operators ? # of supervisors i 

2nd Shift # of operators 2 # of supervisors l 

3rd Shift # of operators 2 # of supervisors l 

Are there any other personnel on duty besides operators, such as 
maintenance personnel? Crafts work 1st & 2nd shifts, Monday thru 
Friday. During STS missions, crafts work around the clock. 

c. What is the qualifications of the operators? 

# of 1st Class Operators 

# of 2nd Class Operators 

# of 3rd Class Operators 

Other qualifications Union certified 

d. Do the operators receive training? Yes 

What kind of training? On the job training in boiler/chil ler 
operation, etc. 


3. Provide any information concerning engineering studies of the 
heating plant such as plant and/or boileF efficiencies, plant 
reliability /a vail ability or other measurable function (please 
attach Study) . Energy Conservation analysis by Jones, Nall, and 
Davis, Inc, of Atlanta, Georgia, discussed site and plant energy 
concerns . 
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SURVEY OF CENTRAL HEATING PLANT OPERATIONS 


Company Name 

Division 

Address 

Contact 

Telephone 


Conducted by: 


NASA 

Lewis Research Center 
Cleveland, Ohio 


Survey Completed by: 


NASA-Lewis Research Center 


Facilities Operations Division 

21000 Brookpark Road 

Cleveland, Ohio 44135 


T. Knapp 

(216) 433-3129 
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fc 


Survey 

of Central Heating Plant Operations 


I. General Information 


1. Provide brief description of Heating Plant (Type of boilers, number 
of boilers, general setup of heating plant, etc.). 

- fekpg* Isk {fcjAhl ST C- B/a//gar TH6T" t/Sfi- iJftUKMuGf* 
Of L . , THey .. Opfe^ATg - g n too PS/ A -f-QKM rap«r,-f-y a f =- Aoo,oo o 

ZTHg Igttgpg — 3H£ftLL££i. By QO<. of Tlod OAL/i/C/t^ 

£££& tA’flrSA- THgg-g /-g ^-tiP STflgT eeerezr /’ /r^ er^^-o txxrsr^ pu/Afi as 

bicJlup—JisLsL Ax/. iQytisz. £±s*ht CJiiSg &S ZOCsJ gz yyy^gjCfc?^ y//<gr- p tjeu^^rftc- 

d Qh-tKO/S^ Hft-s PAlP^ - gf . LQflT ffie. S of - T UPts £q_&_ TA/ffr mace- ufi. Ui^T er/C. sysrsr/y 
3 — ng Atra-f/ng pggr& ma.Tg/^ Hs^g^. (~ fegro uJcrrec, -ra,^ i 


2. Provide numerical information about Boilers at Heating Plant: 


Boiler # 

/ 

JZ 

3 

4- 

S' 

HP 

&00 

Goa 


&OT> 

/■J2XOD 

Operating 

Pressure 

£00 ps/ 

too PS* 

UX? PS/ 

_. too PS/ 

LOO PS/ 

PC#* HoUG- 

BTU Input 

¥ryco,coo 

t 4£,‘k)0.coz> 

2$,_L2*> .coo 

So,7JZ,cco 

fL 1 

9o,COO,OC5D 

MFG. 

6n/y?o ck «4 to t ) ct \ 

9 S ^ LaD 

kZere-e-Btr- 

k&tzc&jex 

/z£J<£ ClT'U 

Install 

Date 

a- 2.-^9 

u -*-¥ 9 

/9*^/ 


10 - 3 - ~i 0 

Fuel (s) 

^ F"-0 • 

u&-c r.o. 

F:o. 

u<s. < r.D. 

ve * r.o. 

Steam 

Output 

£S/OCo t-Bjmz- 

SS^ocoU^tyt 

- JS.ooo 

*H< oco 

70 , 000 ^/*/*. 








3. Provide brief description of distribution system (how many buildings 
or areas supplied, uses, piping arrangements, etc.) 

/OQgSV «S72T3/v> /.s &££2£eer£2. ST B&esZ'zL G Wfl/A )«ST<£OA) PC&Jt) . zis . 

Ml Txsx&l&ur&a Z22 Q£££&& £& P>COP, ^ TH&xsCbl 4*) u OOerPezLau / W 

^g^-p/Ptn < ^y<afio/v) , Ptpn S/Pfii<: /?&*JO,tkJC, pH=>c^ LSI rv> -bho at&ht) sysrew) 

} . .'_... **Bg> / V- 2 -* OK) TVf /A/Ws t#-o 

uiJuii&kJLal Put L£>/ ties . 77V<r- CQi/JS&iismszi 2j- Pj£PUk/>e*L ■+& Mg md /A; 

.TTgarvt pLbKST THeottftri &3iL>&gA).SArg- PU/v>o/A3f «♦ QCTuesJ sy <rr<c/ r> /a; 

PU<.CP / K> £ . f :Z*- A* /’/^ 7-0 7->va- SarZcrK- TAVk- 

pg*- SUfipQ/ TO MsiLSJSj^L j*L££li£jds fhg •STgA./yx CPi xf^P F *rr-n> lu )A 7gr/g — 

Purnps . / 00 fist snsAtAT) SQfiptj^ ts RsouceA. a^- e»cA But ext *j p, 

~ro aC P£f #as£> ts used /=■£>/- tscenr/AJ& * t/usnrfit/xotTtotJ sys¥oMr r ttud 
tn SO/oer cases £^reppcJi ^Tac-tctfijss.. 
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4. Provide description of the chemical treatment system (boiler 
blowdown, chemicals used, injection system, softeners, etc.) 

~TL£>0 









^ ±Z£±&jc &hti a ln xn± 

CUrC-Uft-. 'rt\4 B C 7oo o ^ees +At*0Ct^A 3 Seines of S+ep^ -fo 

off 4 -fv pi(o* Ot%d 4 -f\eh £/a*o2. CW<> 4 A^. buh*7*t~ /s 

<■ efeb&fttij t -4-h-e. &c 7 ooo ccn //*]£< otts/y srjc+>, •/■he- 

Systesv) snd lo/tt Safety Shu**- douse? -Me &erf+b- /£ a f>bo£ 6ptr> 

Qbisezs. d--f- c*Jr & d/so Jjftfe. d Ooded sn e. s, tt£eji-ft£ynsj 

co/jcrf- sf)«-£ -Me £*>/&*- olotjj? - T/ies-e. am *n&*7j oM*b- ^sfcfy 

Sys-te*ts /fjcoefoba-faj //} £yv>aA94 of -f-At 4>o//a*s . 
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II. Loads and Costs Analysis 


1. 


un<?,:ru* 


V3 t9W tW J 


2 . 


Heat Loads for Heating Plant 

A \>e£<AG& 

A. What is the average yearly load ? < 373.5 , 9q.oo o 099), 

- B. What is the average summer load ? J) 

- C. What is the average winter load ? ii-^n^Ar, 'uxiy! 

D. What is the maximum winter load ? Q&.ooo lr/W c -to ° P J 

( £YrJzez*tt~ ecJu/vT*z>AJ) 

V^al^'Si^T^r^^5a4ty>us.e?? 


Fuels: 

(/9f£> Natural gas 36>f. 7SV M.Cu.FT.dOOO Cubic foot)@_ psig 

CM 93) fuel Oil 3C>, 7/3 Gallons 

C/913J Electric /. o/a.. 9^r> KWH C e ‘ sr/MATe:£> *< ss 3^) 

Natural gas dva- M.Cu.FT.dOOO Cubic foot)@_ psig 

Fuel Oil p*m Gallons 

Electric Oh) A KWH 

3. What are the utility unit prices ? 

Q993) Natural .Gas $/M.Cu.FT. @ psig 

Electric 1. Energy Charge . os&/ $/KWH 

2. Demand Charge $/KW 

Water ?L£^2. $/ga!4©n- ilOOdJ t 1 . 

Fuel Oil 40^63 $/gallon 
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4. What is the yearly costs for the following: 

Chemical Costs (Total) 3 7 £~. $ 

Individual chemical costs . 55322 - = 7^0 rxr- ^?o <ls sag 

/g£7~2- *7SO = 7Cr / 

« 33. So // *,<,// „* 

7 &Fz- OS-/C = 3/^ZY/jsatJ? 

0.93 /££ 

/£*/*- *■ CfS3 « ~#t3 -Z /*~P- 


Maintenance Costs 7J 7 &PO. t?;p $ 

Breakdown labor &? 7 . 

material 75T. /££ . S7P 

Operation Personnel 4 ^^. $ 

Breakdown /V ^ 


5. 


Major Repairs ^nn.r^o 5 


Breakdown 

^ U^QjUlJ'ClZZo^ cnn ^ensJtZxJt^ /CejcA+^JZS 

^r*&4±£aj£g&2_^£_ sndj ^ r- feZ-r^-zXi 


Other costs 


& £S2 £l 


OO 


Description j£i 


Overal 1 Costs 


Total Costs 

/, 97fjJV3> 9, 

S. year 

1993 



L 7**1, PW. £h 

S, year 

1992 



■ 6 MZr LEls 3 / 

$, year 

1991 


Steam Generated 

3o£.,S9Zr aoz> 

lbs. or 

BTU, year 

1993 


Z6>P, 2.2// oo<5 


year 

1992 




year 

1991 

Unit Cost 

*£-SV 

$/ 1.000 

lbs. .year 

1993 


^ £'SY 


year 

1992 


*^•77 


year 

1991 
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III. Operations 


1. Indicate in the following table the documentation that is used 
at the Heating Plant: 


DOCUMENT 

AVAI 

LABLE 

COMMENTS 

YES 

NO 

DRAWINGS - SCHEMATICS 

BOILERS 

MECHANICAL 

SYSTEMS 

B 


(Z£Jl 

/??3 



jLc/> dtJJLtJL 


BOILER ELEMENTARY 

ELECTRICAL 

BUILDING 


ISOMETRICS 


GENERAL BUILDING 



BOILER START-UP PROCEDURE 

PROCEDURE FOR STEAM DRUM ENTRY 

EMERGENCY CALL PROCEDURE 

HEATING PLANT EVACUATION PROCEDURE 

BOILER SAFETY OPERATION CHECKOUT PRO- 
CEDURE 

PROCEDURE FOR HANDLING CHEMICALS 

LIST OF CHEMICALS WITH MSDS 

CONFINED SPACE ENTRY PROCEDURE 

BOILER MAINTENANCE PROCEDURES 
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2. Provide information concerning the Heating Plant personnel. 

a. Are personnel on duty at the Heating Plant 
24 hours a day? ye-s 
365 days a year? Uc 
other • 


b. Breakdown the personnel that are on duty at specific 
times. 

1st Shift # of operators # of supervisors / ( sv rn-pfo*>+ to k>m 

2nd Shift # of operators 2. # of supervisors / (Tea */* opcr&k>*) 

3rd Shift # of operators -2- # of supervisors ^ f c em> opotArforf 

Are there any other personnel on duty besides operators, such as 
maintenance personnel? / , 

^73 / ) si, ) 

c. What is the qualifications of the operators? ' 

# of 1st Class Operators / 

# of 2nd Class Operators j 

f of 3rd Class Operators _2_ ' C 

5T»r'«T 

Other qualifications P/Qh-f- Fcxt? *-»&>-> - /» ups- 

OOQ_Pst) $£. r-p?Nvf (he e.ue.'i, qt (jra< rr \gfa tff for ? *»yj 

o*2&uJZ - ** 3tote: fi»sr> of V fir u.P.s. pm* 

d. Do the operators receive traininq?° ^£ ¥ ' A sZJs2<f 

What kind of training? . 

3. Provide any information concerning engineering studies of the 
heating plant such as plant and/or boiler efficiencies, plant 
reliability/availability or other measurable function (please 
attach Study). ^ £o/C&x- s /r/-r‘^X 7 '/o tJ S*rt(£>U 

£2£&££jU32£1£L Oj£. j ' ' 

< 3> of -Jrytaa^ 0 


39 



BUILDING 12 - STEAM GENERATED &, STEAM UNIT COST 


1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 

_1 I I I I I 


NOTE : ; I I | 

THE STEAM UNIT COST HAS DROPPED EVEN THOUGH H * I T 1 HNr — 

THE LOAD HAS BEEN LOWER THE LAST FEW YEARS. THE 1988 1 I V 

UNIT COST WAS VERY LOW DUE TO THE LARGE AMOUNT OF STEAM USED ^ 

JHE 1992 STEAM UNIT COST IS AT THE INFLATION LIN£ (PRICE OF NATURAL GAS) 


BUILDING 12 - BOILER FUEL 






ISa®ZKE£ 


/1 000 CU. FT, 


/1 000 CU.FT 


ELECTRIC-? 

J/100 KWH 

FUEL OIL-! 

f/GALLON 


BUILDING 12 - UTILITY UNIT COSTS 


1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 

tlllllllllllllflltaa 


m ia 

HI 


in 


mmi 
mtvn 
wua i 
mw\ 
wnm\ 










BUILDING 12 - MAINTENANCE COSTS 


DOLLARS 


1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 

i i i i t i i i i i i i i i f i i I I i 
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BUILDING 12 



OF WATER AND ELECTRICITY 






SURVEY OF CENTRAL HEATING PLANT OPERATIONS 


Conducted by: 


NASA 

Lewis Research Center 
Cleveland, Ohio 


Survey Completed by: 


Company Name 

Division 

Address 

Contact 

Telephone 


Langley Research Center 

Operations Support Division 

2 East Ames Road 

Hampton. VA 2368 1-0001 

Bill Wilev or Vince Foredch 

Bill: (804) 864-6994 Vince: (804) 864-63 1 0 
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02-16-1995 11:34 


OSD 


P.03 


^ 804 064 7896 


Survey 

of Central Heating Plant Operations 


I. General Information 

1. Provide brief description of Heating Plant (Type of boilers 
of boilers, general setup of heating plant, etc.). 

Heating Plant contains (31 - B$W "D" type watar tul?? boUsr? 5 01 


number 


moi ^h boile r £ tube model 7 ) 1000 CFM J IOff nir rnmflT-ft - SSQr s 

6 fll 350ff . 1000 CFM air c omp. Stwam is prnrilirnri P TS0 . PST . 4 36 F, fff ani 
T o to 175 PSI in the steam plant. Stea m is distr i buted 

pressures and reduced more, if needed^ at t he point of u3 & — !bu i I d 1 11 £ — »- 


2. Provide numerical Information about Boilers at Heating Plant: 


Boiler if 

1 

2 

3 

5 


HP 

inn nnn nnh 

100.000 nnh 

yn nnp nnh 

140.000 pph ( 


i H 

Operating 

Prp*;<;ure 

mu » v vv mill — 

350 

350 

350. 

350 

■1 

tlT|l TnDVjt 

120 000.000 

130.000,000 

60.000.000 

175.000,000 

_[ 

MPG 

3abcockf|Wi lcox 

BabcockfiWilcc 

x English 

UobcockSWilcc 

X 

HI VJ t 

Install 

Date 

1965 

1971 

1 

1993 

1963 


Fuel (s) 

Steam 

OutDlit 

#4 Fuel Oil 

- r; rn i j' gc 

#4 Fuel Oil 

Natural Gas 

#4 Fuel Oil 


NaLUifli uas_ 

100,000 pph 

100,000 pph 

50,000 pph 

140,000 pph 


vll vkW v 

, _ 

- - 

) - - 

»n. ^ 

— — 


3 Provide brief description of distribution $ystem (how many buildings 
or areas supplied, uses, piping arrangements, etc.) 

™ aaSES: are 555 55 Kith - s u ml At- 351 i nr frnnl In./hiqlrtitv -c^l . 
™ rxi fnriHriB<i use srnnni for ftlnctors . ? -1 77 1 . . 1 2 47»/il 1 y 2 ” ( ' „ - , rrrz 
rfiUributSd s team thru (4) utilit y tunne ls , Tpnng s 1 3 l 
V„A«.L m l i np ft 125PSI. Utility tunn e) # 4 has one stream Ung -6 35 QJ^. T 
nnd Utility Tnn pnl tfl has one steam lin6 Q’125 _ P?I USfld f9T build i ng 
7 „h steam line 9 35° pg T HJL&d tsl * tea ™ eiectOTS. • 


02-16-1995 11:34 


804 864 7896 


OSD 


P.04 


4 Provide description of the chemical treatment system (boiler 
bi JS .chemicals used. Injection system, softeners, etc.) 

~BoiTer ’VLMdwn is monitored S controlled by _ a UNl-LOg Mod?} lran o_ 
lir mi rn 1 iniftrti™ discha rge chemicals tt>' ?VSt9 m - — 

are BetSt En Eic 733 .<■ BeUEn tec 5Q4 “m^tur?" BeU IffiS 
Qpti-51 i * used for steam line 6 conden s at e p reservation and Sodi uj 

hydroxide for a lkalinity con trol »_ - ; — - — — — 

Softeners - Duplex Culligen 300,000 gallons per unit, 


5 Provide description of condensate return system to the boilers (X 

return, economizer used, feedwater pumps, deal ra tor tank) 

- rnnHensite ret urn mg Pt . B i wnnT 5 K'i~ ^ ^ this vnr 1 es . 
eiectox yse and Recoup v enting steam at low Ste a m i l SBra periods . - — — - 
-fin Rronnmi ters~~^Llurigs tr niri Bl r print e rs a r eji srri nn ffl . 2-6 S-JiftOars , 
'Plant ^ it fil rctri c _jn at nr _ri n vrn frrdwntrr pimps, 4_— - 

«tm». Worthington "U N O" fi has a new deaer a tor n Cnrhrnnn Ilnl-PftP rated . 

P IQO.OOn pph usi np Straight C.i tY- M nt . rj P 80" » ■ 


c. nmviriP ilpsr.r intlon of boiler and/or burner controls (flame safe- 
guard' diagnostic capalin 1 Lies . heating plant controls, energy monitor 
ing. energy management system, etc.) 

Rni lera Q 2 have Keel er Piame Control Pane l s I .lo hnftffTi-YoKoyawfl — - 

Boiler 1 #^ is using Bristol- Bnhcock Controls fi . Honflml l Burner Contr ail 

-ilf KC ., CW e nricinnl Ha ves Controls & Cleveland Cpnfrol? designed — 
~the control. Fee dwater control l er has been upRypded to J<?hn?OQ r_ 

Yokogawa 6 a new Copes-Vulcan feedwater control valve.., 


I 
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n :=; n 


P-t“F nod 



02-16-1995 11:35 


804 . 864 7896 


OSD 


P.05 


1 


1 / 

II. Loads and Costs Analysis. ( rM/< /* r i*t* ***'$ 

1 . Heat Loads for Heating Plant 

A. What Is the averaye yearly luad ? ios, 033 , 3 oo lbs. C? aw.) 

B. What Is Lhe average sunnier load ? 32.800.ooo (May - Sept.) *• 

C. Wliat Is the average winter load ? 72.833,300 (Oct .. - Apr.) »• 

0 . Wliat is the maximum winter load ? 1 92 ,os 5 , 28 S 1* 

2 . Wliat Is the yearly utility use ? 

Fuels: . 

(No data as or 7-6-941 

Natural gas neviiy instaiied M.Cu.FT.QOOO Cubic foot)® p pslg 

Puel Oil 1,041,070 Gallons 

Electric 3.433.200 KWH 


Heating Plant auxiliary or support utilities: 

Propane ■ Natural-gas- 3.000 gal. M.Cu.FT '. ( 1000 Cubic foot)!? pslg 

Fuel Oil 97.119 Gallons 

1 

Electric N/A KWH Condensate pumps/forced air furnace 

^ 5 remote boilers not metered. 

Wliat are the utility unit prices ? Power comes from users 1 facility . 

Natural Gas $3.53 $ /M.Cu.FT. G>_ 20 _ps 1 g 

Electric 1 . Energy Charge . 023 : S/KWII 2 . 33764 */kwh 

2 . Demand Charge 9.42 */KW 

Water .00143 3 /gallon 

Fuel Oil 0.467 3 /gallon 
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\ 


1 1 : 3ft 


n ?; n 


P_OF Of IF 


02-16-1995 11:35 


804 864 7896 


OSD 


P.06 


4, What Is the yearly costs for the following: 

Chemical Costs (iotal) $67,00 0.00 

individual chemical cosLs j62.ooo. qo. 

Boiler treatment $5.000.00 for wat.a n 
treating chemicals __ 




Maintenance Costs $390,800.00 > 

Breakdown labor $208,000 * 2Q.fion I 

material 162 > 000 ■— — 

0|)erat1on Personnel $208,000 1 

Breakdown 5 operators x 2 Q ftn a *?n |mr hnnr^. 


Wiitor testing 
including all 
NASA cooling 
towers J ! 


which includes benefits 


Major Repairs 


$60,000 


$ Air Preheater rebuilding every 7 yi 
@$50,000.00, 


Breakdown 350tf balance Bellows exn H 

steam ejector suppl y piping 5-yr. replacem ent 

cycle @ $8,500 each. 


Other costs $ 20 > 800 * 

Description Administrative - parts rmlnrinfl Ptr. 


5. Overall Costs 
Total Costs 


Steam Generated 


Unit Cost 


$746.600 

709.000 

675.000 


$ . year 1993 
$ . year 1992 
$, year 1991 


101.544.798 

124 ^ 1 ^ 123 . 

90.587.926, 


lbs. or BTU, year 
year 


year 


1993 

1992 

1991 


6.17 


6.16 _ 


7.25 ’ 



'1/1,000 lbs.. year 
year. 


year 


1993 

1992 

1991 
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FEB 16 '95 11 


O S D 


PAGE.006 



02 - 16-1995 11:35 804 864 7896 
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III. Operations 

.1. indicate In the following table the documentation that Is used 


at the Heating Plant: 


DOCUMENT 


DRAWINGS • SCHEMATICS 


MECHANICAL 


ELECTRICAL 


BOILERS 

SYSTEMS 


.AVAILABLE 
YES NO 


COMMENTS 


BOILER ELEMENTARY 
BUILDING 


This facility is under 
Configuration Management 


System, 


ISOMETRICS 


QI LEB 

BOILER 5TART-UP PROCEDURE 

PROCEDURE FOR STEAM DRUM ENTRY 

EMERGENCY CALL PROCEDURE 

HEATING PLANT EVACUATION PROCEDURE __ 

BOILER SAFETY OPERATION CHECKOUT PRO- 
CEDURE 

PROCEDURE FOR HANDLING CHEMICALS _ 

LIST OF CHEMICALS WITH MSDS 

CONFINED 5 PACE ENTRY PROCEDURE 

BOILER MAINTENANCE PROCEDURES 

EQUIPMENT MAINTENANCE PROCEDURES 


FEB 16 ’ 95 


OSD 


p.ir-;p fin - ? 


02-16-1995 11:36 


804 864 7896 


OSD 


P.08 


2. Provide information concerning the Heating Pliant personnel 

a Are personnel on duty at the Heating Plant 
24 hours a day? Yes 


3. 


other 


365 days a year? .Yes 


I). Breakdown the personnel that are on duty at specific 
times. 


1st Shirt ft of operators 
2nd Shift ft of operators 
3rd Slil ft ft of operators 


ft of supervisors l 

ft of supervisors o_ 

ft of supervisors o_ 


Are there any other personnel on duty besides operators, such ns 
maintenance personnel? 2 Stcamf itters. 2 mechanics , l . vmrk 

IftHttar.'l pnrt-t lfflfi water annlvLUi. 


c. 


Wliat 1 Is the qualifications of the operators? 

ft of 1st Class Operators i 

ft of 2nd Class Operators _J 

ft of 3rd Class Operators 0 __ 

Other qualifications - 


d. Do the operators receive training? _Jo s_ 

1 


1 

What Kind of training? On-the-iob to start, factory 

training on all new equipment, monthl y sa fety training .. 


Provide any Information concerning engineering studies of the 
heating plant such as plant. and/or boiler efficiencies. P^nl 
reliability/ avail ability or other measurable function (please 

•• ■ * »). s V c ri»ni Planning Corporati on - has recently 

r-nmnleted - "Evaluation of Steam^ e n erat ion System Operatio n s , 


attach study). 


n nd "Identificatio n of Improvements wvth 
and Cost Savln& s^ iHZ 

T~ "jf* 
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SURVEY OF CENTRAL HEATING PLANT OPERATIONS 


Conducted by: 


NASA 

Lewis Research Center 
Cleveland, Ohio 

Building 4675 


Survey Completed by: 


Company Name 

Division 

Address 

Contact 

Telephone 


Marshall Space Flight Center I, BAMSI Inc. 

Plant Engineering 

P.O. Box 8395 . Building 425 1 

Redstone Arsenal, AL 35808 

T. LeDuc, W. Alexander 

(205) 544-8132 and 544-6502 
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\ • 


Survey 

of Central Heating Plant Operations 


I. General Information 

1. Provide brief description of Heating Plant (Type of boilers, number 
of boilers, general setup of heating* pi ant, etc.). 

Building 4675 Boiler F acility consists of two primary and rm«* 
standby fire tube boilers installed in ssnVs. 


2. Provide numerical information about Boilers at Heating Plant: 


Boiler # 

l 

2 

3 



HP 

100 

100 

100 



Operating 

Pressure 

100 psi 

100 psi 

100 psi 



BTU InDUt 

3.47 x 10 6 

3.47 x 10^ 

3.47 x 10 6 



MFG. 

Raytherm 

Raytherm 

Raytherm 



Install 

Date 

1962 

1962 

1962 



Fuel (s) 

No. 2 Oil 

No. 2 Oil No. 2 Oil 



Steam 

OutDirt 

2932 lb/hr 

2932 lb/hr 

2932 lb /hr 










3. Provide brief description of distribution system (how many buildings 
or areas supplied, uses, piping arrangements, etc.) 


_ Th e . boiler plant at building 4675 curr e ntly prnvMcx; gi-pam i-n 

„ . sra (6) T?yildinPS vitb an annrov-i m at-p arpa nf linffn fr?. 

- The buildi n g tvpep sv^oligd r.on^f^f flf— t&£± ct-an^g support- hu-f l d-i ng^ 

~ dur-Lnp f rbp ~ ^^;f^ ng5 ' , ^-K' r?l ^ ^ a ^ srs r ™ the f flr i- l . itv ' arp - pu t- out . of -servj-ce 
during the summer months (approx. Mav - Sept.) 
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4. Provide description of the chemical treatment system (boiler - , 
blowdown, chemicals used, injection system, softeners, etc.) 


Chemical treatme nt consists- of Phosphate injection. Boilers are 
hlovmdown every eight C8) hours- max. Hater softeners are utilized. 


5. Provide description of condensate return system to the boilers (% 
return, economizer used, feedwater pumps, deair at or tank) 


Annrny’warplv 251 ol tfig conde nsate in the 4675 system is currently 
returned . This number should increase, in the near future due to 

a number of pini ng pr-OTects- being worke d. Feedwater pu mps and deair ators 
are utilized . 


6. Provide description of boiler and/or burner controls (name safe- 
guard. diagnostic capabilities, heating plant controls . energy monitor- 
ing, energy management system, etc.) 

Burner cpntrols- consist ot '‘•Flarae.'rtonltor Programmer s" which, allow for 

the control pf the boiler firing rates - and the ability to monitor 

the safety fe atures- of the~ boilers-. ■ 

Comb ustion tests- are performed regularly on the flue gases to monito r 
hoi-ler ef f regencies-. 
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II. Loads and Costs Analysis 


. 1 . 


Heat Loads for Heating Plant 

A. What is the average yearly load ? 

B. What is the average sunnier load ? 

C. What is the average winter load ? 

D. What is the maximum winter load ? 


1. -375 x 10 6 -BTUH (.93) 
1.6 x 10 6 BTITF (92) 

0.0 (9.3) 

0.0 (92) 

2. -47 x 10& BTUH (93) 
2.96 x IQS BTUH (92) 
4.16 x 10 b BTUH (93) 
4.24 x IQ 6 BTUH (92) 


2. What is the yearly utility use ? 

Fuels: 

Natural gas N /' A M.Cu.FT.QOOO Cubic foot)@_ psig . 

r . 115,169: ('93) 

Fuel Oil 133 1 145 C92T Gallons 

Electric n/a KWH 

Heating Plant auxiliary or support utilities: 

Natural gas n/a M. Cu .FT. (1000 Cubic foot)© psig 

Fuel Oil n-/a Gallons 

Electric i2iloj0.o flif KWH 

3. What are the utility unit prices ? 

Natural Gas n/a S/M.Cu.FT. © psig 

Electric 1. Energy Charge ,nsnp- S/KWH 

2. Demand Charge n.n S/KW 

Water o -0.0.7 4 S/gallon 

Fuel Oil 0.525 S/gallon 
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4. What is the yearly costs for the following: 
Chemical Costs (Total) Not Available 

Individual chemical costs 


Included in operation 
Maintenance Costs personnel $ 

Breakdown labor 

material 

Operation Personnel $65Qoo/yr (approx . $ 

Breakdown • 

Major Repairs N ^ A $ 

Breakdown 


Other costs N/A $ 

Description 


Overall Costs 





Total Costs 

132,340 

S. year 

1993 



~ 142,130 

S ; - year 

1992 



Not Available 

_ s. year 

1991 


Steam Generated 

11,514,950 

_ lbs. or 

BID, year 

1993 


“1372557533 


year 

1992 


Not Available 


year 

1991 

Unit Cost 

11.50 

_ S/1.000 

lbs. .year 

1993 


10.71 


year 

1992 


Not Available 


year 

1991 
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III. Operations 


1. Indicate in the following table the documentation that is used: 
at the Heating Plant: 


DOCUMENT 


DRAWINGS - SCHEMATICS 


MECHANICAL 


ELECTRICAL 


ISOMETRICS 


GENERAL BUILDING 


BOILER START-UP PROCEDURE 


PROCEDURE FOR STEAM DRUM ENTRY 


EMERGENCY CALL PROCEDURE 


HEATING PLANT EVACUATION PROCEDURE 


BOILER SAFETY OPERATION CHECKOUT PRO- 
CEDURE 


PROCEDURE FOR HANDLING CHEMICALS 


LIST OF CHEMICALS WITH MSDS 


CONFINED SPACE ENTRY PROCEDUR 


BOILER MAINTENANCE PROCEDURES 


EQUIPMENT MAINTENANCE PROCEDURES 


AVAILABLE 


YES I NO 


BOILERS 

SYSTEMS 


BOILER ELEMENTARY x 


BUILDING 




































. . 


2 . 


Provide information concerning the Heating Plant personnel. 

a. Are personnel on duty at the Heating Plant'' ' 

24 hours a day? No 
365 days a year? ~ 

other l f ' r tbbS el are based at boi ' 1Pr alant 

^• me ^ re3 ^° own Pfi* r sonnel that are on duty at specific ’ 


1st Shift # of operators 
2nd Shift # of operators 
3rd Shift # of operators 


# of supervisors 

# of supervisors 

# of supervisors 


^ntea^ n peSelf rSOnnel 00 dUty besides oper8tors - such « 


c. Whai is the qua liti cations of the operators? 

# of 1st Class Operators 4 

# of 2nd Class Operators 

# of 3rd Class Operators 

Other qualifications 


d. 


Do the 
What 


operators receive training? _ 

kind Of traininG? Periodic 
and control of toilers. 


Yes 


trainin 


in the operation 


3. 


Proyiae any information concerning engineering studies of the 

and/or boiler efficiencies. Diant 
ruiapinty/ aval lability or other measurable function (please 
attacn study). 


wot AvaiiaDle 
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SURVEY OF CENTRAL HEATING PLANT OPERATIONS 


Conducted by: 


NASA 

Lewis Research Center 
Cleveland, Ohio 

Building 4660 


Survey Completed by: 


Company Name 

Marshall Space Flight Center II, BAMSI Inc. 

Division 

Plant Engineering 

Address 

P.O. Box 8395, Building 425 1 


Redstone Arsenal, AL 35808 

Contact 

T. LeDuc. W. Alexander 

Telephone 

(205) 544-8132 and 544-6502 
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Survey 

of Central Heating Plant Operations 


I. General Information 


i._ Provide brief description of Heating Plant (Type of boilers, number 
ot boilers, general setup of heating plant, etc.). 


BujJ _ dinp . 4660 Boiler Facility- consists o f two primary and rmo 
standby . fire tube boilers instal l ed in series 


2. Provide numerical information about Boilers at Heating Plant: 


Boiler # 

l ■ 

2 

3 


HP 

I 300 300 

300 



Operating 

Pressure 

100 psi 

100 psi* 

100. psi 



BTU InDUt 

12.48 x 10 6 

12.48 x 10 6 

12.48 x 10. 6 


MFG. 

Superior 

Superior 

Superior 


Install 

Date 

19.65 

1965 

196.5 



Fuel (s) 

No. 2 Oil 

No. 2 Oil 

No. 2 Oil 



Ste3m 

OutDUt 

8200 Ib./hr 

82 QO lb/hr 

8200 lb /hr 










3. Provide brief description of distribution system (how manv buildings 
or areas supplied, uses, piping arrangements, etc.) 


The boiler plant at building 466.0. currently provides 

steam to 

twelve (12) buildings- with an approximate total area 

of ns non ft 

Steam use is primarily for general winter beating h„t- 


for any summer heating requirements in the area 






4 Provide description of the chemical treatment system (boiler - 
Dlowdown. chemicals used, injection system, softeners, etc.) 


Chemical treatment c onsists- of Phosphate. iniect-inn . . 

M Qwn d own averv- ei-phr C 81 hours- m ax. Water saffcgnsxs; are 


5. Provide description of condensate return system to the boilers (£ 
return, economizer used, feedwater pumps, deairator tank) 

Appoximateiy 40% of the, condensate in the. 46:60 system is- currentl y 

Egtl l iaed .. This- mimher wi ll drastically- increase in fhe future- ' 

due to a number of steam piping projects being worked. Feedwater 

sumps and a deairator are utilised . 


6. Provide description of boiler and/or burner controls (name safe- 
guard. diagnostic capabilities, heating plant controls, energy monitor- 
ing, energy management system, etc.) 

Burner controls consist of 'tFlame. Monitor Programmers’* which allo ws 

g ne to program the firing rate and monitor th e safety- fear,, re« of the. 

boiler. 

Combustion tests are performed regularly on flue gases- to mnnii-rvr 
boiler efficiencies. 
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II. Loads and Costs Analysis 

.1. Heat Loads for Heating Plant 

A. What is the average yearly load ? 

B. What is the average summer load ? 

C. What is the average winter load ? 

D. What is the maximum winter load ? 

2. What is the yearly utility use ? 

Fuels: 


3.02 X 10 6 BTUH (93) 

5.96 x 10 6 BTUH (92) 

1.21 x 10° BTUH (93) 

2,59 x 10 6 BTTTK (92) 

A . 6 x . lQ b . BTUH ( 93 ) 

8.4 x 10 6 BTTTH (92) 

7.44 x 10 b BTUH (93) 6 iO 
.13.1 x 10 6 Tmm (92) u'oog 


Natural gas n/a M.Cu.FT. (1000 Cubic foot)@ psig 

Fuel 011 5iloon Gallons 

Electric n/a kwh 

Heating Plant auxiliary or support utilities: 

Natural gas n/a M.Cu.FT. (1000 Cubic foot)@ psig 

Fuel Oil n/a Gallons 

Electric eseoo [fjj KWH • 

3. What are the utility unit prices ? 

Natural Gas n/a S/m. C u. FT. 0 psig 

Electric 1. Energy Charge .osoq S/KWH 

2. Demand Charge o.o s/KW 

Water .0074 s/ gall on • 

Fuel Oil Q.525 S/gal 1 on 
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4. What is the yearly costs for the following: 

Chemical Costs (Total) Not Available $ 
Individual chemical costs 


Maintenance Costs 


Included in operation 
personnel $ 


Breakdown labor 

material 

Operation Personnel $65ooo/y r (approx, 
Breakdown 


Major Repairs w /a $ 

Breakdown 


Other costs n/a $ 

Description 


Overall Costs 





Total Costs 

205 . 860 

$. year 

1993 



340.290 

s ; - year 

1992 



Not Available 

S, year 

1991 


Steam Generated 

26,156,500 lbs. 

lbs. or 

BTU. year 

1993 


49,911,750 lbs. 


year 

1992 


Not Available 


year 

1991 

Unit Cost 

7.87 

S/1.000 

lbs. .year 

1993 


6.82 


year 

1992 


Not Available 


year 

1991 
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III. Operations 


1. Indicate in the following table the documentation that is used - 
at the Heating Plant: 


DOCUMENT 


AVAILABLE 
YES | NO 


COMMENTS 


DRAWINGS * SCHEMATICS 

BOILERS 

MECHANICAL 

SYSTEMS 

X 

BOILER ELEMENTARY 

ELECTRICAL 

BUILDING 

X 

ISOMETRICS 


GENERAL BUILDING 

■ 

OTHER 


BOILER START-UP PROCEDURE 

X 

PROCEDURE FOR STEAM DRUM ENTRY 


EMERGENCY CALL PROCEDURE 


HEATING PLANT EVACUATION PROCEDURE 

X 

BOILER SAFETY OPERATION CHECKOUT PRO- 
CEDURE 

X 

PROCEDURE FOR HANDLING CHEMICALS 

X 

LIST OF CHEMICALS WITH MSDS 

2 

CONFINED SPACE ENTRY PROCEDURE 

X 



BOILER MAINTENANCE PROCEDURES 


EQUIPMENT MAINTENANCE PROCEDURES 


x 

























2 . 


Provide Information concerning the Heating Plant personnel. 

a. Are Personnel on duty at the Heatina Plant 
24 hours a day? Y es 
365 days a year? Yes 
Other Boiler personnel are baipd at - 
and a ~ t0 B1 ,„. ^ 6 ; a ;; rf d && L 

«mes re3t:dCM ’ ttle personnsl that ars °" duty at specific 


1 


1st Shirt # of operators 

2nd Shift # of operators i_ 

3rd Shirt # of operators l 


# of supervisors j_ 

# of supervisors 

# of supervisors 


c. what is the qua! in cations of the operators? 

r or ist Class Operators ^ 

aF or 2nd Class Operators 

r or jrd Class Operators 

Other qualifications 


d. Do the operators receive training? Yes 


Whet kind of training? Periodic 

_ controls of boiler~ — I ~" 1 ^ rpPTRX ion and 


3. 


hl--]nn concerning engineering studies of the 

r«l i abi 1 itv/?v-i Sh?i arTC a l2 /or bo11er effi ciencies. plant 
attach 1 study ) V ° llabl lty ° r 0ther me2sur3ble Unction (please 

None Available 
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SURVEY OF CENTRAL HEATING PLANT OPERATIONS 


Company Name 

Division 

Address 

Contact 

Telephone 


Conducted by: 


NASA 

Lewis Research Center 
Cleveland, Ohio 

Building 4567 


Survey Completed by: 


Marshall Space Flight Center III, BAMSI Inc. 


Plant Engineering 

P.O. Box 8395. Budding 4251 
Redstone Arsenal, AL 35808 


T. LeDuc, W. Alexander 


(205) 544-8132 and 544-6502 
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Survey 

of Central Heating Plant Operations 


I. General Information 

l._ Provide brief description of Heating Plant (Type of boilers number 
ot boilers, general setup of heating- pi ant, etc.). 

Building 45 67 Boiler Facility consists of two primary and one 

standby fire, tube boilers installed in s e r ie s • 


2. Provide numerical information about Boilers at Heating Plant: 


Boiler # 

l 

2 

3 



HP 

200 

300 

350 



Operating 

Pressure 

100 

150 

100 



BTU Inout 


9.56 x 106 

11.85 x 10 6 



MFG. 


Superior 

Superior 


wtgssm 

1963 

1985 

1966 



Fuel (s) 

No. 2 Oil 

No, 2 Oil 

No. 2 Oil 



Steam 

Outout 

5865 Ib/hr 

8280 lb/hr 

10.264 lb/hr 










3. Provide brief description of distribution system (how manv buildings 
or areas supplied, uses, piping arrangements , etc.) 

The boiler plant at building 4567 currently provides steam to 

fifteen (15) buildings with an approximate total area of 192.500 f t? 

The bui lding types supplied consist of test stands, support buildi ngs. 

and office buildings. The boilers in the facility are nut out of 
service during the summer months (approx. Ilav - Oct.). 
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4. Provide description of the chemical treatment system (boiler*, 
blowdown, chemicals used, injection system, softeners, etc.) 

.Cfienrcftl treatment con s ists- of Phosphate injection . B'ni'lprg arp 

SJ-P-HP-down every eight (8) hours max. Water softeners- arp nt-fl . 


5. Provide description of condensate return system to the boilers (* 
return, economizer used, feedwater pumps, deairator tank) 

Approximately- 35/^ of tils condensate In thp 

retamed . This- numher should increase, in the, near future, due to 

a - nuT ^ r of pi PiPg Projects- being worked. Feedwater mmn 3 - and dea-i -rat-m-c;. 

are utilised. __ 


6. Provide description of boiler and/or burner controls (name safe- 
guard. diagnostic capabilities, heating plant controls, energy monitor- 
ing, energy management system, etc.) 

Burner controls- consist of “Flame. 'Monitor Programmers- 11 ' which. allow 
one to program the, firing rate, and monitor the, safety- features of t he 
boiler. 

Combustion tests are performed regularly on the flue eases to monit or 
boiler ef f iciencies . 
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II. 


Loads and Costs Analysis 

.1. Heat Loads for Heating Plant 

A. What is the average yearly load ? 

B. What is the average sunnier load ? 

C. What is the average winter load ? 

D. What is the maximum winter load ? 

2. What is the yearly utility use ? 


2, v 8 JX 10. 6 - BTUH. (S3 1 
2.93 -X ig b - KTTT H (9_2X 



5,12. 2 10^- stub: (93) 
5.675 x I CP- KTTm - '(£2)1 



Fuels: 


Natural gas n/a M.Cu.FT.ClOOO Cubic foot)@ psig 

Fuel Oil Gallons 

Electric n/a KWH 

Heating Plant auxiliary or support utilities: 


Natural gas n/a 

Fuel Oil n/a 

Electric 3i£8.88: (HI - kwh 


M.Cu.FT.dOOO Cubic foot)@ psig 

Gallons 


3. What are ihe utility unit prices ? 

Natural Gas n/a S/M. Cu. FT. 0 psig 

Electric 1. Energy Charge nsng S/KWH 

2. Demand Charge cl o s/KW 


Water 


Fuel Oil 


D.nnnogi S/callon 

°-525 S/gallon 
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4. What is the yearly costs for the following: 

Chemical Costs (Total) Not Avaiiab^^ 

Individual chemical costs 


Included in. operation 

Maintenance Costs personnel 5 

Breakdown labor 

material 

Operation Personnel $sio.ojoi/'y% (approx 
Breakdown . 


Major Repai rs N / A $ ' 

Breakdown 


Other costs m/a s 

Description 


Overall Costs 





Total Costs 

197,193 

$. year 

19S3 



191.030. 

s ; - year 

1992 



Not Available 

s, year 

1991 


Steam Generated 

24 1' 502,940. 

lbs. or 

BTU, year 

1993 


23,061 ,26.0 


year 

1992 


Not Available 



year 

1991 

Unit Cost 

8.05 

_ s/ 1.000 

lbs. .year 

1993 


8.28 


year 

1992 


Not Available. 


year 

1991 
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III. Operations 


-• ^^'cate 1n „^ e blowing table the documentation that is used* 
at the Heating Plant: 


DOCUMENT 

AVAILABLE 


YES 

NO 

COMMENTS 

DRAWINGS - SCHEMATICS 

BOILERS 

MECHANICAL 

SYSTEMS 

•m 

X 



■ 

X 


BOILER ELEMENTARY 

ELECTRICAL 

BUILDING 

X 




X 


ISOMETRICS 

1 

X 


GENERAL BUILDING 

1 

X 


OTHER 


X 


BOILER START-UP PROCEDURE 

X 


PROCEDURE FOR STEAM DRUM ENTRY 

X 

•Requires.- confined space 

O-rt -f" tttt. noTrimV 

EMERGENCY CALL PROCEDURE 

2 


HEATING PLANT EVACUATION PROCEDURE 

X 


BOILER SAFETY OPERATION CHECKOUT PRO- 
CEDURE 

X 



PROCEDURE FOR HANDLING CHEMICALS 

X 



LIST OF CHEMICALS WITH MSDS 

X 



CONFINED SPACE ENTRY PROCEDURE 

X 


Requires^ permit 


BOILER MAINTENANCE PROCEDURES 

X 

EQUIPMENT MAINTENANCE PROCEDURES 

X 























2 . 


Provide information concerning the Heating Plant personnel. 

a: Are personnel on duty at the Heating Plant 
24 hours a day? No 

365 days a year? no 

O^T) Personnel are, based at boi'ler plant in 

r 

times rS3kd0Wn th£ personne1 that are on duty at specific 


ist Shirt = of operators 
2nd Shirt # of operators 
3rd Shift # of operators 


# of supervisors 

# of supervisors 

# of supervisors 


on duty bes1des oP^tors. such as 


c. What is the qua! in cations of the operators? 
? or ist Class Operators 4 

r of 2nd Class Operators 

# of 3rd. Cl ass Operators 

Other qualifications • 


d. Do the operators receive trainina? ^ es 


'*°t tind 07 training? Periodic training In the ooeret io r 
control of boilers, * 


3. 


Provide any information concernina enaineerina studies of tn a 

rel i abi 1 i tvnv-i ^ arrt a "2 /oF bdleF efficieSli. plSSt 

attach^tudy) 01 cbl niy ° r otber nEasurab1e Unction (please 

Not Available. 


and 
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SURVEY OF CENTRAL HEATING PLANT OPERATIONS 


Conducted by: 


NASA 

Lewis Research Center 
Cleveland, Ohio 


Survey Completed by: 


Company Name 

Division 

Address 

Contact 

Telephone 


NASA/GSFCAVFF 


229 


Building F-16 


Wallops Island, VA 23337 
R. J. Givens 


(804) 824-1148 
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Survey 

of Central Heating Plant Operations 


I. General Information 

1. Provide brief description of Heating Plant (Type of boilers, number 
of boilers, general setup of heating plant, etc.). 

3 fr/it-fuA/ /?cj fat's ±£ / o-o - /2^/^sjr; - 

Jk A/foc/icsO ^ />f /yj 


2. Provide numerical information about Boilers at Heating Plant: 


Boiler # 



A/C 



HP 

10t> 

500 




Operating 

Pressure 

/co fix' 

fcvstnX 

/oofa/zX' 


95^3 

■ all 


Wxf/MOUA 



r 

i 

MFG. 



S^1S81SI?5 

E3ES3 

9M 

Install 

Date 

/?9o 

1?13 

/??/ 



Fuel(s) 


*2. 




1 


ll/tOolbjlvc. 

tyfi CDti //jJ/l* 










3. Provide brief description of distribution system (how many buildings 
or areas supplied, uses, piping arrangements, etc.) 

— 73? &** /</** £ * " 
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4. Provide description of the chemical treatment system (boiler-. 



5. Provide description of condensate return system to the boilers (X 



6. Provide description of boiler and/or burner controls (flame safe- 
guard. diagnostic capabilities, heating plant controls, energy monitor- 



fCCZ /TltUry's 
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II. 


Loads and Costs Analysis 

1. Heat Loads for Heating Plant /// it 

A. What is the average yearly load ? (fSjCWjtfro /S 1 f / * 

B. What is the average summer load ? 


C. What is the average winter load ? C’3 l< 5o-e,czx> {£_ 

D. What is the maximum winter load ? // * J^/A. 


What is the yearly utility use ? 
Fuels: 

Natural gas _ 


Fuel Oil 

TsSM KWH 


M.Cu.FT.dOOO Cubic foot)® 
Gallons 4<f 


L_ psig 


Electric 






Heating Plant auxiliary or support utilities 

Natural gas M.Cu.FT.dOOO Cubic foot)® 

. Fuel Oil Gallons 

p* 


L_ psig 


Electric 




$ KWH 


3. What are the utility unit prices ? 


Natural Gas 

S/M.Cu.FT. ® psig 

Electric 

i 

1. Energy Charge 

s/kwh 


2. Demand Charge 


Water 
Fuel Oil 

hUo / lotosfrl 

if 

.Wgallon- 

S/gallon 
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4. What is the yearly costs for the following: 

Chemical Costs (Total) v & / 7 $ 


Individual chemical costs 




Maintenance Costs * 

Breakdown labor /Oy.O^G 

material $ 

Operation Personnel $ 

& * 

Breakdown 


Major Repairs 
Breakdown 


[3t $ 

S&Q //f_ 

ry 9 1 ' 


Other costs S 

Description (U*f~ 


5. Overall Costs 


Total Costs 

537, 9Z? 

$. year 

1993 &0 


S&777— 

$; year 

1992 &<? 




_ S. year 

1991- s?Q 

Steam Generated 

/ Lfl 900 t 0c0 

lbs. or 

BTU. year 1993 


/ 52.boo.ooo 


year 1992 

7 

5^. 0 O&,ooo 

— 

year 1991 

Unit Cost 

TZ.5H 

_ S/1.000 

lbs., year 1993 


\\ 33 


year 1992 


il. OG 


year 1991 
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Operations 


1. Indicate in the following table the documentation that is used 
at the Heating Plant: 


DOCUMENT 


AVAILABLE 


YES NO 


DRAWINGS - SCHEMATICS 


MECHANICAL 


ELECTRICAL 


BOILERS 

SYSTEMS 

BOILER ELEMENTARY 
BUILDING 


ISOMETRICS 


GENERAL BUILDING 


OTHER 


BOILER START-UP PROCEDURE 


PROCEDURE FOR STEAM DRUM ENTRY 


EMERGENCY CALL PROCEDURE 


HEATING PLANT EVACUATION PROCEDURE 


BOILER SAFETY OPERATION CHECKOUT PRO- 
CEDURE 


PROCEDURE FOR HANDLING CHEMICALS 


LIST OF CHEMICALS WITH MSDS 


CONFINED SPACE ENTRY PROCEDURE 


BOILER MAINTENANCE PROCEDURES • 


EQUIPMENT MAINTENANCE PROCEDURES 
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2. Provide information concerning the Heating Plant personnel. 

a. Are personnel on duty at the Heating Plant 
24 hours a day? /&£ 

365 days a year? 

other 



b. breakdown the personnel that are on duty at specific 
times. 


* jp 2nd Shift # of operators £ # of supervisors 0_ 




1st Shift # of operators # of supervisors J__ 


3rd Shift # of operators ^2- # of supervisors O 

Are there any other personnel on duty besides operators, such as 
maintenance personnel? > / ^ 


c. What is the qualifications of the operators? 


# of 1st Class Operators _ 

# of 2nd Class Operators _ 

# of 3rd Class Operators _ 

Other qualifications 


0 


o 


Do the operators receive training? ft* 
What kind pf training? C£Jfawjc_ 


nd of training 

-0 imcj- 


3. Provide any information concerning engineering studies of the 
heating plant such as plant and/or boiler efficiencies, plant 
reliability/availability or other measurable function (please 
attach study). Q, 
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SURVEY OF CENTRAL HEATING PLANT OPERATIONS 


Company Name 

Division 

Address 

Contact 

Telephone 


Conducted by: 
NASA 

Lewis Research Center 
Cleveland, Ohio 


Survey Completed by: 


Drvden Flight Research Center 


P.O. Box 273 

Edwards, California 93523-0273 
Joe R. Almonte 

(805) 258-3375 
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SEP 13 ’94 09=36 FR HhSh FACILITIES ENG 


TO 8-216-433-3124 P.02 


Survey 

of Central Heating Plant Operations 


I. General Information 

1. Provide brief description of Heating Plant (Type of boilers, number 
of boilers, general setup of heating plant, etc.). 

> v-o\l. \v\j tfAA -h PQg aSoo — — 

iVv) ±&jELU i r ' og ? Zlfl£fl2 


vide numerical information about Boilers at Heating Plant: 


Boiler # 


Operating 

Pressure 


Install 

Date 

Fuel(s) 

Steam 

Output 


\6 P6\ 


\7JO 






A- 68 /r> 

4 B 40 


\lO 

\©o 


1 5 ? 6 ) 

\ 5 P£»J 

J 


Z-i/to&Tu/HG 


V&JArllZg 

Cl ir Z'tpQ. ■32COC 


l<JA3 

i4 3 * 5 .2 





I -q-l+^lb /Me 







3. Provide brief description of distribution system (how many buildings 
or areas supplied, uses, piping arrangements, etc.) 

jEi=g-£ ri u££k}i A H5S. 46°P 

** i \jl — iwrO >SA.m*s=' MAMlfOLb 


SEP 13 * 94 12 = 34 




P~OF . OOP 


SEP 13 J 94 09:37 FR HASP FACILITIES ENG 


T 0 8-2 1 6-433-3 124 P . 03 


4 Providp description of the cheniicsl treatment system (boiler 
blowdown, chemicals used, injection system, softeners, etc.) 

pt L &o£__ M't?. — - ... 

A ^aois)yv\ i\\ --q q *)P*prz Z 

gj£j2£ — 


5. Provide description of condensate return system to the boilers U 
return, economizer used, feedwater pumps, deairator tank) 


1 0 m 


pa^-a ffe rvj to Tb 


6. Provide description of boiler and/or burner controls (flame safe- 
guard, diagnostic capabilities, heating plant controls, energy monitor- 
ing. energy management system, etc.) 

mi v -a Me * InM . a'-aj^pva 

MN'ism.VMA Qg — I jc? 

NiA-V } - X)rpy\A QV' 1£±H — LS — ^ B^4 



SEP 13 ’94 09=3? FR NASA FACILITIES ENG 


TO 8-21S-433-3124 P.04 


II. 


Loads and Costs Analysis 
1. Heat Leads for Heating Plant 

A. What is the average yearly load ? 

B. What is the average summer load ? 

A. 

C. What is the average winter load ? 

D. Whet is the maximum winter load ? 


bQOO 


4-0 4 'O 

67 v 


What is the yearly utility use ? 
Fuels: t£^ 


\Oo>£ . lPtfv'+x’'-- 

I— A to' c.ooV«~o^ 

YP»e Natural gas 1 M.Cu.FT. (1000 Cubic foot)(aj£psig / 


Fuel Oil 
Electric 


KJOK)£ 


T^/A . 


Gallons 

KWH 


©-f +w o-Q. . 


VCA^ 


3. 


Heating Plant auxiliary or support utilities: 

Natural gas M.Cu.FT. (1000 Cubic foot)@__ psig 

Fuel Oil KirONiTf Gallons 


Electric l°/A kwh 

What are the utility unit prices ? 

Natural Gas $/M.Cu.FT. @£5psig 

Electric 1. Energy Charge » OJp S/KWH 

2. Demand Charge ^ / A S/KW 
Water * ® 6 Ko I s/gallon 


Fuel Oil 



s/gsllon 


88 


sFP r= *Q4i 


pne; 3>c!C open 


SEP 13 '94 09:37 FR NASA FACILITIES ENG 


TO 8-216-433-3124 P.05 


4. What is the yearly costs for the following: 
Chemical Costs (Total) 


Individual chemical costs 

tumo 

^ 


Maintenance Costs 0 — 

Breakdown labor S 6. £± 2 . 

material >j 

Operation Personnel 

Breakdown 


Major Repairs 

Breakdown 


Other costs 

Description 



5 . Overall Costs 
Total Costs 


Steam Generated 


Unit Cost 




S, year 1993 
S : - year 1992 
s. year 1991 


bs. o^BTu) year 19| 

3 rear 1991 

J/1.000 lbs.. year 1993 

year 1992 

year 1991 
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=cr- u 'VH (-K M-foH t-HCJLI I its bNLi 


TO 8-216-433-3124 P.06 


III- Operations 

1. indicate in the following tsbl? 
ot the Heating Plant: 

DOCUMENT 

DRAWINGS - SQffiffllS BmLERS 
MECHANICAL 

BOILER. ELEMENTARY 

ELECTRICAL 

BUILDING 

ISOMETRICS N^A 
GENEBAL BUILDING 
OTHER 

BOILER START-UP PROCEDURE 

PROCEDURE FOR STEAM DRUM ENTRY 

EMERGENCY CALL PROCEDURE 

HEATING PLANT EVACUATION PRXEDURE — 

BOTLER SAFETY OPERATION CHECKOUT PRO- 
CEDURE 

ppnrFrMRE FOR HANDLING CHEMICALS 

. LIST OF CHEMICALS WITH MSOS 

CONFINED SPACE ENTRY PROCEDURE 

BOILER MAINTENANCE PROCEDURES 

I EQUIPMENT MAINTENANCE PROCEDURES 


%8&tp ^c?rA fj£*7 
kBt&t CMiPitiC 


AVAILABLE | 

YES 

NO 

*. . 
t/_ 

— 



r v^i • _i 








COMMENTS 


5£>nog ^ 

■g&~nc> 


=P 

=m. 

— 

— ^ 


|/| 



01 

v"' 


Wa 



: 

v/ 

1 



1/ 



x/ 


1 




Jutt r\at4F. ctt 


VPP- fW6>I)>6 

^£2 M A.-6A. ~TV?4i M 

t\i\©V^ ‘■'1 -?>- w T ^ 

— CO V\jFi-7£ (?-/?!, AM ^ 4.v£* 

O^rM/-. •6C<te(7.4 


■QFTD 1 7 + “ * “TO 



SEP 13 ’94 09:38 FR NASA FACILITIES ENG 


TO 8-216-433-3124 P.07 


Provide Information concerning the Heating Plant personnel. 

3 Are personnel on doty at the Heating Plant . 

24 hours a oay? — y . £ - 

365 days a year? / u/ 

b Breakdov.il the personnel that are cn duty at specific 

tkes ' J//A . 


1st Shift # of. operators 




# of supervisors 


2nd Shift I of operators f of supervisors 


3rd Shift # of operators 


# of supervisors 


Are there any other personnel on duty besides operators, such as 
maintenance personnel? — 

c. What is the qualifications of the operators? 

# of 1st Class Operators / ___ 

r of 2nd Class Operst-ors 

$ of 3rd Class Operators — *J _ — 

Other qualifications ~ 

d Do the operators receive training? , 

Whit kind of training? 

UTX.V75 NVV.V t 


attach studv) . - , .■ 

• Y** - g£ - • •» ^ — t*-t- 

ZZS ZtS — 


» ^ PcjvAgwjii • ^ 


** TOTAL PAGE. 07 ** 
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SURVEY OF CENTRAL HEATING PLANT OPERATIONS 


Conducted by: 


NASA 

Lewis Research Center 
Cleveland, Ohio 


Survey Completed by: 


Company Name Company A 

Division 

Address 


Contact 

Telephone 
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Survey 

of Central Heating Plant Operations 


I. General Information 


1. Provide brief description of Heating Plant (Type of boilers, number 
of boilers, general setup of heating plant, etc.). 

Wit. P/zE-se-t-trly C4-) ^ l& / jj & txp ) 

jT ±_Ca Jfjsejzz &/L- „ 

At-L Si O/^' /VC-A&e^/C. U'-A'Z/CZ/J / /yj 

rue* S/r^, rA/f 1?ES±± IzjjElwIKtL /lr JB& pj-/ 


ZXtT 


j> o TjL F-Z j kizfr WAre /z ' To 
TOO fn of- W/Z/d/Z 

■2£*L / , 

7~M(* E><utL -‘LJ ;rr//JO 


Ti' &lf' -. YS) &/=■ W//C// AZj? 

Ts 7 ^ p/fcT<5 A LL 


&CJ 

&o /LC: 2.J 1 A %. £r W/s 7 




A.oe- Ln rJLQ. ^r^//V 


a/.c B^IaEaZ. 


S*o£ &yJ~/c?tE- . 

2. Provide numerical information about Boilers at Heating Plant: 


V 


Boiler # 

\ 

Z 

3 

4- 


HP 

'ZSoo 

'2-Sdo 

*ZS£>^ 

2SOO 


Operating 

Pressure 

| S£? 

[5£> 

\5Z> 

1 So 



I^M BTu/q^L. 

i 5 om 

iSMtiu/to L 



MFG. 

W 



I5<i vs/ 


Install 

Date 

£vjiL.y /*?4-«£» 

MoO (^‘35 

FuJ^-y 

MOD \ c 155 

Builj l^jS 7 

I*** 


Fuel (s) 

o /u. 

o/C. 

^6 43/L 

U C=, oiU 


1 

II^E&iauSBI 

iiilWJi 

■on 

wtssnsk i 

ue l YfZ 

P0f]SO| 


&h\-S 

i 






3. Provide brief descriptton of distribution system (how many buildings 
or areas supplied, uses, piping arrangements, etc.) 

p-Zff- J*r^ C.O tv St or J-frVL-e. /^L LAZO?- Bu/L0J~>6 s . 

e> tL A jQ^j< /5rr^(& , xll uujss_ utjp& t'- 

\ ryv <£~ y j~ rgy Zo^S/STS a * (4- ) Ma JeZ. ~L aaP^ T , 

y!±L£: '-f ~ r /wT dj£-AJ&£Ar£rn A 7 ) Go ~psJZ> A/^/Q /_f ~^~ 

ro A ' P^gj-yuZs ~SrZwZ ^1 I&lE- 

- ff OA l 3_ user o /^q srLy f^o iL c as't tz’oiz r i4(?<\r 

VjUrjL S '* o tsjer£> /-a jl. 1 tJ L> c oi^>t ^ >sZ/4 J - 

4 /-T< 3 . TaT a L UU g (r~iZ. O f* £ mL 0 /aJ 6J Ts_ 3 Z . 

( 4 pr 'S/1L&) 
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SlLlCA I “2 o p) / oo '"Z&& i 7 / , ' ry l 

JuLptfS 2.0- 3o pf> tb //; fyLkl I So - p»ps>*b 

pHospUnfC- IS- xSfptA £l */« -Zoto- 3 ooo M nor 

4. Provide description of the chemical treatment system (boiler 
blowdown, chemicals used, injection system, softeners, etc.) 

W£_ /vW<5- ez) j^r^e sorrsb/iF/Zs vs/rM enuu p ^ a aj /z- iz o 

&.E-S//J '7-0 TLjEESExE. cJ^t-CIUU Ma QrOC-f/U/^ OAZ&atJ A J&S . 

g&pjO. e. ,7 V 7j JjQ.tfgg <3>> L. XT '7.6)0 Carorsf 6=4 < 

THjJ_ i/J/irc* Jf' THf-tf J"£-a/7 to A Q6C.4 /Z g/irif0 TiO 

pAt-tou< -4-oq « */Ar(?e 75 ac/o /^‘jecrcro v/Zr/z 

c.0u ^re Lfz up ^ ?r atzc&o J>Ba pr coL. \>/,rz ptf 

(Co L t 2CH£j/t /■£-? L T/Z 6AP/T CrZf 3/ZS'crJ ii O £ O/^S/jy-r" 0/zr‘ rV 6 '■ 

A 0 O t~t o tJ TO b OJPNa~(6/ do L ysst/rZ . Socb ^’\s&0 /y //f 

S/CtcA > S ' /sf/\ ~Tsv7s i ~rrs~Go A 7 /S Lou Oouu/~s 

UJ/fH ooPOuc.pt '//fy' UfiiO fob. Je-ffp. ' Bop per* &louroon,t~> CO pC/<L CH/f-f 

5. Provide description of condensate return system to the boilers (X 
return, economizer used, feedwater pumps, deairator tank) 

c^exoOe 'USats- IS Ht^TuZCtSSO frt_o/st r~b6 J,r (S' CiZ-r-ttCA/ iLLp 

*3-0 — &)<Of/^ \ 0 gr -rue r'oT/»6 O^OG-r- o/r->(j ' r*# <S- 7V/«/<5 gyS T AG- 

VtF/a Z / C<=>*Jol=*jj‘A 7% t/S y ero -r& a s* t L-r/Z c v to [ 

RC-Mo \ftS- /Rotuj Wf- f AUv/g frg; 3o/^5/<? At t/V, pCtA/PS 

A.OO f2,nT(rP AT" 2oo /af <S>^r> FT HD. jEjIiL /3i .ooo - 

Bo WA/ H <6 AT gX^Z/X/V^g/g ig^vV £2.&-S'fb'S£rO Ou C~ 

~pp iTJC p-A/tuZ^. rue- D^ACF/LatoS- JJtaL/ 1 6S £> PS/Cf 

' |/2.‘<*0 */=•/ 72? ;g £r/sfOV(? P/fSoLVeTP [ ,gxV<frd>-/ / aJ ~f/ /£' /C.W, 

{O betPc-n. /Us eco//oM/£(P4 v (3) 8 Q ^e^s a/a\/& auz. nrfis 

6. Provide description of boiler and/or burner controls (flame safe- 
guard. diagnostic capabilities, heating plant controls, energy monitor- • 
ing, energy management system, etc.) 

<g/* rv/e- <^/ BsjLsJLL* j£L&&. j2JL£J±£±£A£ di 

^ot-tb prAp/> T77 tmc* z?'2gc&xS of. &e- /rjd 

l) OCj/Z A jtb'O uo tr/1 o f~i/ /ZoLf, {/ ) ‘ST/ C C. UJt£^~ ~&L q 

P±±ijojj±07J_±. /^(LC /hoL&a.J‘ /^/g^ (ictlsPJf 

8p_ gy / 2 ,/t ^2=^? ro /— A/o y ^RFZ 

\U(P Lac, e£><J £. /2 fVud/V Z3 v' /Ja *Jp /tJ a O/* iLf L 06 

J~tf(reT /*sa aj 0/0 c C vX k/e-' JU/>g- r<o or^i rw& *s<?y/ 

* JolT3 Jr/irf- ~p2IL / r ‘° 

£Apfu£.(* p///^r £ £c? cpyoo/J sc y* fi^Z/ues/tf 

//A\/€ Sc a tutuC-AS yob- SiprcsfY & l/foC/iC' 

p^/ZCt (2?r /SctCcb. og.6 L/ouf 

°/ 2 r 
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II. Loads and Costs Analysis 

1. Heat Loads for Heating Plant 

A. What is the average yearly load ? .'/OO W 

B. What is the average simmer load ? <2><Q /-sf {£ ///£. 

•C. What is the average winter load ? /SS />f 

D. What is the maximum winter load ? ^ 


2. What is the yearly utility use ? 
Fuels: 


Natural gas C2 


M.Cu.FT.ClOOO Cubic foot)® psig 

Fuel Oil Gallons 

Electric — KWH &?<■*** osf 

£>/* OcsfZ F'HfCft./c. Ofter 

Heating Plant auxiliary or support utilities: 




Natural gas 


M.Cu.FT 

fLe-KiTAL & tj 

Fuel Oil 

O0O 

_ Gallons 

f f /•'lire? 

IA /Aff 

Electric 


KWH 


3. Whaf are the utility unit prices ? 


(1000 Cubic foot)® psig 

& 2 Ftstfi. o/C UJtrP 

?=&£. OcFAxC S/{A\S/rJCj 

& L £■<?/- /z t c O C/v e^Afo /< 


Natural .Gas $/M.Cu.FT. @ psig ( tJof i/s<2o ) 

Electric 1. Energy Charge S/KWH 

2. Demand Charge $/KW 

Water '_£_LAL $/gallon 

r 

Fuel Oil 3j [_ r $/gallon 
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4. What is the yearly costs for the following: 
Chemical Costs (Total) '24+ 'Zoo 


Individual chemical costs 7 -///-T 


/-r a L 


•S'csS'l 


^ Maintenance Costs 


£.q/^j/<2a c 7 3& 7/J 3o,l &/ Z. 

L /*j q 'S' < &€~, & y'z £> / £ 

AJop yh \ys\/£ A /b L C5-* 




Breakdown labor 
material 

Operation Personnel 


/Z £><£>& 


2 o, <£>& 


Breakdown f/Z) &J2£JLA Z^Jk -T - CJ) trL 

’ T 


(JJ_ UJSjrjZ. ^ Qj PJ Z 


Major Repairs 
Breakdown 


/^o, <200 


(Som ) 


op 3op-i 

a a X/>e T^/S^y 
: ^ 

£.tZpA//2- of* So! (4-&"l j 

Other costs /£?. S 

Description C A M /S<z 


5. Overall Costs 
Total Costs 


Steam Generated 


Unit Cost 


• //// O'/P^r &A PBS 


r JjLZVpo°_ 
-/■ 'LL oo^> 


B.l \,o " 
&°4 * /o' ' 

Z.34- 

~'Z.3‘4— 


$. year 1993 
$;• year 1992 
$. year 1991 

lbs. or(BTlDyear 1993 
year 1992 
ue.cZJtt/jf. year 1991 

S/1.000 lbs., year 1993 
year 1992 
year 1991 


sO ( W e ° . 

£) <s£- ! o (Lcyf 3 /A^ dJp <lf Z A,—/y^ pZj A~J /J s" 

K/fos- /^//vy^^A/cc 5 'J £l£//vc 7 D&L^y l-o. 



III. Operations 


iHdicste in the following table the documentation that is used 
at the Heating Plant: 


DOCUMENT 

AVAI 

-ABLE 

COMMENTS 

YES 

NO 

DRAWINGS - SCHEMATICS 

BOILERS 

MECHANICAL 

SYSTEMS 

BOILER ELEMENTARY 

ELECTRICAL 

BUILDING 
ISOMETRICS 
GENERAL BUILDING 
OTHER 

x 



X 



X 


A/ZC 

<2 AS /-/a KS O 

X 




B 


X 


Di.Ais//s->C,r y,c<± 

X 


y/'ls 7 L <L 


BOILER START-UP PROCEDURE 


PROCEDURE FOR STEAM DRUM ENTRY 


EMERGENCY CALL 'PROCEDURE 


HEATING PLANT EVACUATION PROCEDURE 


BOILER SAFETY OPERATION CHECKOUT PRO- 
CEDURE 


PROCEDURE FOR HANDLING CHEMICALS 


LIST OF CHEMICALS WITH MSDS 


CONFINED SPACE ENTRY PROCEDURE 


BOILER MAINTENANCE PROCEDURES 


EQUIPMENT MAINTENANCE PROCEDURES 







& c /£ L ?/> 8 y <2 fti. J 
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2. Provide information concerning the Heating Plant personnel. 

a. Are personnel on duty at the Heating Plant 
24 hours a day? 7 ££_ 

365 days a year? YS-s 

other 


b:' Breakdown the personnel that are on duty at specific 
times. /£V/V /Z SM//e.ps) 

1st Shift # of operators # of supervisors £2 

2nd Shift # of operators # of supervisors £> 

-S f d Shift #- o f ' operators # ■ of supe rv reui s ^ 

Are there any other personnel on duty besides operators, such as 
maintenance personnel? y '&JL- rj/e- Y wo&stY a 

& bL&=. r 

c. What is the qualifications of the operators? 

# of 1st Class Operators 

# of 2nd Class Operators ■ 

# of 3rd Class Operators 

Other qualifications +S/'Af£~ gcrgr_ 

U /£ 4/cg^jy. si * 4 a \no a/*v<5 - 
ZTcnTJ? 2. T 

d. Do the operators receive training? Y £S 

What kind of training? YJoK.rf'fC 

P (2-A / r-s /tsJCi £ J i ptr<L/'nC/ ZiLr Q 

3. Provide any information concerning engineering studies of the 
heating plant such as^plant and/or boiler efficiencies, plant 
reliability/availability or other measurable function (please 
attach study). Ha vc- wo £ <6. dj&/L£i2_ 

£ crj~ L 

/<*✓ -rAj/ir WjzCtA \ZIL ~EyIjE- ■ 

* ' ' ' ' ' J / _ T / 
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SURVEY OF CENTRAL HEATING PLANT OPERATIONS 


Conducted by: 


NASA 

Lewis Research Center 
Cleveland, Ohio 


Survey Completed by: 


Company Name Company B 

Division 

Address 


Contact 

Telephone 
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Survey 

of Central Heating Plant Operations 


I. General Information 

1. Provide brief description of Heating Plant (Type of boilers, number 
of boilers, general setup of heating plant, etc,). 



2. Provide numerical information about Boilers at Heating Plant: 


Boiler # 

/ 1 


3 

— 

V 


& 

HP 

O-7'/P€i_0 

D-Tup'G- 

JBS3BSL 

0 7 V^€_ 

A r-/p£ 

Operating 

Pressure 

<5^ 

<W 

c 9~%o 


0 

<P-8c> 


HRH 

^pn 

HSS 

R89REH 

IJO mt-Lton 
C-ru ufi. 

W®EM2aSES§ 

MFG. 

mm 


mam 

6£<j S 

WBXBM 


Install * 
Date 


nss 

/<n° 


!17$- 


Fuel(s) 

B,L kh± 

QBI 

Wm 

H9SS9 

0/i T^-S 

oiL-si* s 

BBWH 

HSImLHi 

3 ot*o 


/OdyOo o 


/SocoO 







1 


3. Provide brief description of distribution system (how many buildings 
or areas supplied, uses, piping arrangements, etc.) 


A ■<£ r DZ-a. 0/?o o/cAe < 7 /wa. 

ElM l SSZ lEsZjEtIZ >c v 

Sv. if n LaT.- </ O /<> IW / r! ? * 
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4. Provide description of the chemical treatment system (boiler 
blowdown, chemicals used, injection system, softeners, etcJ 


^rcvL//c£/_^A g*, r p Cn£2dG£*Z ' -f- • ' 

J~J1 LsZjsz. .-dstt . T^rnW^> J> si fT"*/) fi ^ 

Z-a^»-&3fc, «• / * /J 


5. Provide description of condensate return system to the boilers (X 
return, economizer used, feedwater pumps, deairator tank) 

^-5~ ®)r> 6>rv. sQa*. j * - h esf? A — Pv^T* ^7*3 

n - Q ~S~ ZrrfXt-U <1 j-l£JUuCT> , 4J 3 3^<£ ^THg/k 

4 4a/ *^t+tsr &AJ> // f/7.X r r//*" "" 


6. Provide description of boiler and/or burner controls (flame safe- 
guard, diagnostic capabilities, heating-plant controls, energy monitor- 
ing. energy management system, etc.) 


F^r,yr>c^- A^^Ao + 'r & P~^JLP^>*n j s 

^ ** * ?-•"!*- si -E*-*** * _ G^_ 

JT 1/ 


«• 

^ ^ . , *77g" -*V>. r 
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II. Loads and Costs Analysis 

1. Heat Loads for Heating Plant 

A. What is the average yearly load ? / 3. 73 7 Af & 

B. What is the average summer load ? £oo_oc^o /j ** 

C. What is the average winter load ? do 0 £>O m ^ 

D. What is the maximum winter load ? 3S_^£OQ 

2. What is the yearly utility use ? 

Fuels: 

Natural gas *1^ M.Cu.FT.dOOO Cubic foot)© j/pslg 

Fuel Oil f r < on^oQ Gallons 

Electric KWH 13,000 

Heating Plant auxiliary or support utilities: 

Natural gas L12£& M.Cu.FT.dOOO Cubic foot)©J^ps1g 

Fuel Oil Gallons 

Electric KWH 

3. What are the utility unit prices ? 

Natural .Gas ^a.^ $/M.Cu.FT. © psig 

Electric 1. Energy Charge S/KWH 

2. Demand Charge $/KW 

Water ' /.£W f0> J/gallon. 

Fuel Oil »2>a3 $/gallon 


O, onfefik 

abjure ^Asa<c 

• ~1"£\ e > 1 AsaK 

, fed oFFFe. A< 
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4. What is the yearly costs for the following: 

Chemical Costs (Total) /nZ] $ 

Individual chemical costs 



Maintenance Costs 

.<60400 $ 

Breakdown labor 

J 

material 


Operation Personnel 
Breakdown 

*fOQ 600 $ 


Major Repairs 

/Zon'd 6 s 

Breakdown 

1 / 


Other costs 

Description 


$ 


5. Overall Costs 
Total Costs 


Steam Generated 


Unit Cost 


UZUL year 1993 

jca $ ;• year ' 1992 

An an*/ year 1991 


/ Z6j^ 7/3 1 M lbs. or BTU, year 

1 MI liZ .IL year 

h year 

AX S/1.000 lbs., year 

.1.7* year 

xULZ year 


1993 

1992 

1991 

1993 

1992 
1991 
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III. Operations 

1. Indicate in the following tab' 
at the Heating Plant: 


DOCUMENT 


DRAWINGS - SCHEMATICS 

BOILERS 

MECHANICAL 

SYSTEMS 

BOILER ELEMENTARY 

ELECTRICAL 

BUILDING 


ISOMETRICS 


GENERAL BUILDING 


OTHER 


BOILER START-UP PROCEDURE 

PROCEDURE FOR STEAM DRUM ENTRY 

EMERGENCY CALL PROCEDURE 

HEATING PLANT EVACUATION PROCEDURE 

BOILER SAFETY OPERATION CHECKOUT PRO- 
CEDURE 


PROCEDURE FOR HANDLING CHEMICALS 
LIST OF CHEMICALS WITH MSDS 
CONFINED SPACE ENTRY PROCEDURE 
BOILER MAINTENANCE PROCEDURES 

EQUIPMENT MAINTENANCE PROCEDURES 


e the documentation that is used 


AVAILABLE 
YES | NO 


COMMENTS 






















2. Provide Information concerning the Heating Plant personnel. 

a. Are personnel on duty at the Heating Plant 
24 hours a day? Y*S 
365 days a year? yes 

other " 


b. Breakdown the personnel that are on duty at specific 
times. 

1st Shift # of operators 3 # of supervisors I 

2nd Shift # of operators 3 # of supervisors / 

3rd Shift # of operators >3 # of supervisors I 

Are there any other personnel on duty besides operators, such as. 
maintenance personnel? &L 3 its. 

$k\Pr ca u.tr\ (P 

c. What is the qualifications of the operators? 

# of 1st Class Operators J.3 

# of 2nd Class Operators j 

# of 3rd Class Operators 

* Other qualifications. ^ jQ£&reg.r/rt/t • 

& (0 /P F-G /?4wlT~ Ar^ncuJ_f7h yaddoa 

• ~ v S raJ( 

d. Do the operators receive training? yes 

What kind of training? Ct^ra^Ls. - r* fy 7y • . 


3. Provide any information concerning engineering studies of the 
•v heating plant such as plant and/or boiler efficiencies, plant 
reliability/avai lability or other measurable function (please 
attach study). ; 
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CENTER STEAM AND REFRIGERATION PLANT 

The initial plant was constructed in 1957 

Today it consist of: 

7 Boilers: 

#1 Boiler 35,000 PPH output installed 1957 
#2 Boiler 50,000 PPH output installed 1958 
#3 Boiler 100,000 PPH output installed 1960 
#4 Boiler 150,000 PPH output installed 1964 
#5 Boiler 150,000 PPH output installed 1972 
#6 Boiler 180,000 PPH output installed 1993 

450 KW diesel generator and motor generator for oil pumps 

1500 GPM Natural gas fire pump and 1500 GPM electric fire pump 

400,000 gallon underground fire resevoir 

4 city water booster pumps 

2 aboveground fuel oil storage tanks 600,000 gallon each 
Condensate storage tanks and dearerators 
4 boiler feed pumps, 2 electric and 2 steam turbine driven 
4 electric condensate transfer pumps 
7 Chillers 

#1 Chiller 2150 ton steam driven installed 1958 
#2 Chiller 2350 ton steam driven installed 1960 
#3 Chiller 3500 ton steam driven installed 1963 
#4 Chiller 3500 ton electric driven 4000 HP installed 1965 
#5 Chiller 3500 ton steam driven installed 1968 
#6 Chiller 3500 ton steam driven installed 1969 
#7 Chiller 5000 ton steam driven installed 1976 

7 chilled water pumps 

Cooling towers and condensing water pumps 67,000 GPM 
4,000,000 chilled water storage tank Rated capacity 3500 tons 
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BOILER FLOOR 



PUMPING & STEAM CONDENSING FLOOR 


no 








SECTION 5 
STAFFING CHANGES 


Existing Staffing 

The has one (1) shift supervisor and three (3) operators per shif t. 

The 7-day operation, with three (3) shifts per day, requires twenty-one (21) 
shift positions per week to be filled.' - Four (4) crews working five (5) 
shifts per week will only provide twenty (20) shift positions per week. 
Therefore, there are also two (2) relief operators working five (5) days per 
week for ten (10) man-days to fill the extra 21st position, which is three 
(3) man-day3. The other seven (7) man-days of relief operator time fills in 
for vacations, military leaves, illness, and general maintenance. See 
Existing Staffing in Appendix »D‘. The existing total staff is five (5) 
salaried and fourteen (14) operating individuals. 

Existing staffing is providing all maintenance on the following equipment 
with the exception of electrical and instrunentation work: 

Boilers and Related Equipment 
Steam Turbines and Related Equipment 
Cooling Towers and Related Equipment 

Annual amount of direct labor provided by the operating engineers and 
assistant operator for maintenance is 7,435, or 3.5 individuals. 

Annual amount of direct labor provided by the operating engineers and 
assistant operator for housekeeping is 1,902 man-hours, or 0.91 individuals. 

Shift supervisors provide supervision and assistance in many areas. A plant 
is normally only as good as its first level of maintenance. This plant is in 
excellent physical condition and great care has been taken by all present and 
past shift supervision. Shift foreman responsibilities include: 

1. Spare parts inventory for all equipment in the plant. 

2. Production of steam and chilled water to meet system demand. 

3. Directing and implementing a plant safety program in the plant: 

Personnel 

Feedwater Quality* and Quantity* 

Boiler Flame Safety System 
Turbine Start-up and Shutdown* 

Condenser Start-up and Shutdown* 

Centrifugal Chiller Start-up and Shutdown* 

Cooling Tcwer Start-up and Shutdown* 


* Critical to Life Extension of Equipment 



'orrespondence 

>r - 220-13C 
'n - 42-5W #18 




>, **>••«• “'r 


Jftt% 

• ■.■&■ • ,#Wf: 

*w#ten#* 6£, . ^imittm-irTTfrfTtrrr turn* 

. '^S. W. SKADSBERG - DIVISION ENGINEERING - 42-5W *18 


/ 


A- - 



RFEES RA-802,- COMPUTER OPTIMIZAT-ION 0? INDUSTRIAL BOILER CONTROLS 
NOVEMBER 29, 1978 


*.l 

3 . 


In June of this year a representative of the Measurex Company contacted 
Hr. Muellers' office and requested a meeting to discuss a control system 
they had developed for optimizing industrial boiler performance. The 
request was referred to R. L. Aspenson and eventually to Division 
Engineering for review. 

In response to subject RFEES, Measurex was Invited to perform a preliminary 
economic analysis for computerized control of No's 3, 4, and 5 boilers 
at . This proposal was carefully reviewed by Division Engineering, 

Central Engineering and Maintenance. It was concluded that the 

Measurex system was an excellent control system with many desirable features 
. but the proposed cost savings and installation costs produced a trial 
Investment index of only 12 Z with a capital cost of about $400,000: " 
Additional efforts will be deferred until chanqes in fuel mix and. fuel V 
prices .Indicate that better return on investment can be achieved. \ 

^ ■ . • , V: 

In larqe part, the reason Measurex could not significantly improve . the. 
boiler plant efficiency is that we currently are operating very near 
optimum for these boilers. Measurex commented several times that this 
plant was one of the best operated and well maintained industrial systems 
they had visited throughout the United States. We will, of course,’ 
continue to investigate the latest available technology but it is 
doubtful significant improvements can be made to the steam generating 
efficiency at 


- - '* 










Unless there are additional comments from you or Mr. Mueller, we will 
close this request. 


m 


SWS/sFk.'* 




•• • 

■ . ; * . .r;»A t'"-.'- 

. 1 . ■«’*.’ '?«'■* - %. 

’ - v. 

. ’ , 1 . 
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SURVEY OF CENTRAL HEATING PLANT OPERATIONS 


Conducted by: 


NASA 

Lewis Research Center 
Cleveland, Ohio 


Survey Completed by: 


Company Name Company C 

Division 

Address 


Contact 

Telephone 


113 







~ * *; <v' w r 


P. ©2 


Survey 

of Central Heating Plant Operations 


I. General Information 


i. Provide brief description of Heating Plant (Type of boilers number 
of boilers, general setup of heating plant, etc.). 

A /At <pa,d60 /YW_ /Ta/tZ/S f A/ 0 z /=/) ONLY ) 

_Gns p»p.eo -no. ooO EEE j&uqzj to/ /w , ' 


/ O/l 

Z. 


\j£Li 2z u;A^re 


, , 'Boiuag-’s 

^TTTriCZr } \ G Q U>3Cvri£rr3_^Vrfr/2- ^ons>ifO<r. C;fg Rou <; 

-S-rg/wy sys-rg-^ 4 .j > <o.«_<rgjc ^,.,,7,^ 


SfiSS LC?A£> ~n-\ e. 


uJ i t >\ uo<a O 


y< 


K^rOi. I A"l — ■ ^I'£cs f .^s Q g.o o o c-n o ■ 

H £ a -r \n-> *2-0 %. (/>/?.€> ce $ V 




2. Provide numerical information about Boilers at Heating Plant: 


Boiler # 

£ 

3 

4 


<-OSu2. 2. 

HP 






Operating 

— 





Pressure 

■HSIiB 





BTU Input 

MMM|I 





MFG. 





PlLeW-£<=A<?P/ 


Install 

Date 

v<\ fcO 

. i ^0 



HjH 

Fuel(s) 

0 1 C- 

/^>k. 

A 


r* - 

Steam 

Output 

< 50 , 



■7X>/° 

Z.O 6 °> & 








3. Provide brief description of distribution system (hew many buildinqs 
or areas supplied, uses, piping arrangements, etc.) . 

S~V£c^on < SoP( 7L\£S t^QtvKPoO^T' 1-\£AT~ t<o ^ Co O < 

•SpvS6r-JS Akj.Q S Vf^A g- Sou *--/q , 

Aonrv a-aa-tic. StCAna V -A-Lvy &_5 tKif.ipg ~§>. < 300 , ooq 
‘So<ioicv-f£ uitcc ^oinn’g £ t S^f <j-rr~t^^\ 
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SSSSSSSBir* 




w»m •#. **«*^*mi «>MUWI. n •*- W4r »t-: ** 






4. Provide description of the chemical treatment system (boiler 
blowdown, chemicals used, injection system, softeners, etc.) 

Fbo < I_g g- H-A-Og A\ go t c_ •iSua'oo>oaoor^ ro>~n-eoi-S Aivj 0 

hA A-l<o-rAitO Co^OocTim-p/ -At 2 -SOQ-- ^ ^ /VIJ-IO S. (J££_ 

~7~y' {jj££ Tg*2_ 7 £(-atmSsjT Sut. /-?✓«-! <; g-o 

’S>PF^^ :r ^-’C ^F;rZ — A P*/A. T-A n>^ < — - *Tb r-oo r-i— Cc> ►->£)<$■ v j/Q ^ (.g* 

_C-»rvSgS . GKCfA'Cm .<; Aft-g. c-reo <r-*-p=> creep uo/^Tg g__ 

pc p' r j er. PG.g *~rift(SjQ r T~rwcv-/T~ ( s. reoi^ t.cu<. ^Tg son c^jc/^ C 


5. Provide description of condensate return system to the boilers (% 
return, economizer used, feedwater pumps, deairator tank) 

^PP&.OK \ft /c^Qg’-’SA.Tg C2g-t-og.^J •S7^\~riO r~>.S , S Lf'Pjtj? 
OtvJg.S A\2j^. A><2_ (W)eg£D. AkS Ana .(M (T A.r-^0 OK^ C<Tr-> 
SPP<^g-^g.g-(2- vSADPgo to -Srg^^A ~ro a4a in-ta p h 
A-oD MiMifA i^g Act Q (r-n&c—g g^A'Tla /•— • , A tot-Ju ft tA-M gp f) a / 

F-r^-rc t-s g€Tog>->eo • ^g-o^A n-TT^ iNng/z 

‘V'o <^-*5 Vo vSor^l^ £V2- . Cot-'Q ■ ~l€T»--ftP IQ <r>-. -Tgg.. 

lOoV A->Q SoMAAE/g- tS, 1?^°^ 


6. Provide description of boiler and/or burner controls (flame safe- 
guard, diagnostic capabilities, heating plant controls, energy monitor- 
ing. energy management system, etc.) . __ 

cf&r-\<g >W^-no^ A^g-Q/WATi A «-* Q £-L£:CT e 0 ^Jic tBs/i I 

3o>ce<Z. gtfro-reo(..S ^gifOCT, QPg£AOg<0 At-><Q F'/ggiy^-- 
•SAcg-rM on /u^in H<3U.g<g_S. 44-cr^gM ooe <■ <L 

C»oTeous AhQ nr>-j ijjASTg “&o 5 

k^O (k.^&Zjz. i| a^6~t. St/.<rrpM,S. 
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II. Loads and Costs Analysis 

1. Heat Loads for Heating Plant 

A. What is the average yearly load ? 4 25 ^ 00 , 00 0 l\s> 

B. What is the average summer load ? 2 . 0 , 00 ^ P PH- 

C. What is the average winter load ? oeo pp -H 

D. What is the maximum winter load ? \A-&-yOPO P PH 


What is the yearly utility use ? 

Fuels: 

Natural gas Z^ooP M.Cu.FT. (1000 Cubic foot)@^psig 
Fuel Oil “T-pnn. ooO Gallons 

Electric KWH 

Heating Plant auxiliary or support utilities: 

Natural' gas M.Cu.FT. (1000 Cubic foot)@& psig 

Fuel Oil Gallons 

Electric 


•2 t nzaa'O 


KWH 


3. What are the utility unit prices ? 

Natural. Gas 3 A 3 $/M.Cu.FT. @\5psig 5 


Electric 1. Energy Charge 


Water 
Fuel Oil 


2. Demand Charge 

3 , poe-u (LM/)FLG<£ 


S/KWH 414-^2 
. o« 

$/KW 


$/gallon 


‘’0«C>2.5 $/gallon 


o*o\ 65 


a 0.0 iz/u. 
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4. What is the yearly costs for the following: 

Chemical Costs (Total) $ I4o t ooo $ 

Individual chemical costs 




Maintenance Costs 


Breakdown labor 
material 


Ak 


Operation Personnel KP4- / ^ tTsfe. $ 

Breakdown "SoPy. Mu 0 


M 


oo2. 


Major Repairs 
Breakdown 


1 


c 13 0 ) 




Other costs /A $ 

Description 


5. Overall Costs 


Total Costs 

!> > 04.6 

$. 

year 

1993 



^4Bl/o^S 

S. 

year 

1992 




$. 

year 

1991 


Steam Generated 

4-31,000, 006 

lbs. or 

BTU, 

year 

1993 


4-^*5, 006 A 00 




year 

1992 


3^7., OOP, poQ 




year 

1991 

Unit Cost 


S/ 1.000 

lbs. 

.year 

1993 


- 




year 

1992 


6 > • 




year 

1991 
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III. Operations 


1. Indicate in the following table the documentation that is used 
at the Heating Plant: 


DOCUMENT 

AVAILABLE 

COMMENTS 

YES 

NO 

DRAWINGS - SCHEMATICS 

BOILERS 

MECHANICAL 

SYSTEMS 

BOILER ELEMENTARY 

ELECTRICAL 

BUILDING 
ISOMETRICS 
GENERAL BUILDING' 

OTHER 




5^ 



ii 


• 

Yf 




y 








BOILER START-UP PROCEDURE 

y 



PROCEDURE FOR STEAM DRUM ENTRY 

yf, 



EMERGENCY CALL PROCEDURE 

X 



HEATING PLANT EVACUATION PROCEDURE 




BOILER SAFETY OPERATION CHECKOUT PRO- 
CEDURE 

y 



PROCEDURE FOR HANDLING CHEMICALS 


| 

i 


LIST OF CHEMICALS WITH MSDS 

y 



CONFINED SPACE ENTRY PROCEDURE 

y 



BOILER MAINTENANCE PROCEDURES 

y 



EQUIPMENT MAINTENANCE PROCEDURES 

y 
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2. Provide information concerning the Heating Plant personnel. 

a. Are personnel on duty at the Heating Plant 

24 hours a day? 

365 days a year? 

other 



b. Breakdown the personnel that are on duty at specific 
times. 

1st Shift '# of operators ^ # of supervisors 1 

2nd Shift # of operators A* # of supervisors [ 

3rd Shift # of operators 4- # 0 f supervisors O 

Are there any other personnel on duty besides operators, such as 
maintenance personnel? 

c. What is the qualifications of the operators? 

# of 1st Class Operators \ ^ 

# of 2nd Class Operators 

# of 3rd Class Operators 

Other qualifications 9^^ Mo. |^cwoe/ 2 Arrc*e~ 
kj g, Ce<2m Pt cats- 

d. Do the operators receive training? y&s 

What kind of training? 


Provide any information concerning engineering studies of the 
heating plant such as plant and/or boiler efficiencies, plant 
reliability/availability or other measurable function (please 
attach study). 
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